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PREFACE. 



la- tfau^ the fifth Aill revision of tbis msnnal^ tbe text has' l>een 
renrrittraLand the order of Btatement in good ptft recast. The snbjed^ 
matter is enlarged by fnlly one-half; though but one hundred pages 
have been, added to the book. 

Ithaabeen out aim to bring, the varied resources of analjsiB within 
reach, glaoing-iiL order before the- vorker the leading characteriBticB of 
elemeata, upon, the Delations' of whkh eretj scheme of separation de- 
pends. This is- desired; £oi tbe working chemist, and no less for the 
working student, HoweTer limited may be the range of his work, we 
would not contract his view to a single routine. It is while in the 
course of qualitative analysis especially that the athdint is fbn&ing 
his personal acquaintance with tbe facts of chemical change, and it is 
not well that his outlook should be cut off by narrow routine at this 
time. 

The introductory pages upon Operations of Analysis, setting forth 
flome of the foundations of qualitative chemistry, consist of matter 
restored and revised from the editions of 1874 and 1880. This subject- 
matter, omitted in 1888, is now desired by teachers. For the portion 
upon Solution and Ionization, we are indebted to Dr. Eugene C. Salli- 
van, a pupil of Professor Ostwald, now teaching qualitative analysis. 
The pages upon the Periodic System have been added to afford a more 
connected comparison of the elements than that undertaken in each 
group by itself, in previous editions, and referred to in the preface in 
1874. The use of notation with negative bonds, in balancing equations 
for changes of oxidation, introduced by one of the authors in 1880, 
has been retained substantially as in the last edition. Other authors 
adopt the same notation with various modifications. For the present 
revision there has been a general search of literature, and authorities 
are given for what is less commonly known or more deserving of farther . 
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iT PREFAOB. 

inquiry. The number of cltatioDS is so large that to eaTe room special 
abbreviation is resorted to. 

For convenient reference, on the part of teachers, atudents and 
analysts iising the book, the section for each element and each acid is 
arranged in uniform divisionB. For instance, in each section, sola- 
bilities are given in paragraph C, the action of alkalis in paragraph 6a, 
the action of sulphur compounds in paragraph 6e, etc. In the para- 
graph (9) for estimations it should be said, nothing more thaii a general 
statement of methods is given, for the benefit of qualitative study, with- 
out directions and specifications for quantitative work, in which, of 
course, other books must be used. 

The authors desire to say with the fidlest appreciation that Perry 
F, Trowbridge, instructor in Organic Chemistry in this University, has 
performed a large amount of labor in this revision, collecting data from 
original authorities, confirming their conclusions by his own experi- 
ments, elaborating material, and making researcbeB upon questions as 
they have arisen. 

Univeraty of Michigan, 

April, 1901. 
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PART I. 

THE PEDTCIPLES OP ANALYTICAL CHEMISTET. 
§1. The dLcmioal Elements and their Atomio Weighta.t 
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Ift. DiaecaBioN of tbs periodic svstbm. 3 

SJk Is this s^m of the cheiaical elementB certwi rejpilar gradatiaiu 
«! dtwnieal' character are tO' be studied and held ia view, to ampli^' tiie 
moltitude of facta observed in analysis. Paasing from Xi 7.03 to P 19.05' 
ia the first Series of this aystem, the elementa are successively less and 
lew of Uie nature to constitute bases and more and more of the nature to 
form acids, aa their atomic weights increase. The acid-forming elements 
W6 electio^egative to the elementa which form bases.* 

Bat in poaang fiom 19.0S to the next higher atomic wei^t, Sa 23.05, 
we letum from the acid extreme to the basal extreme and begin another 
psriod, in gradation throu^ the seven Groups. There ia a like return 
fpom one extreme to Idie other in the steps between chlorine and potassium 

* Qaata are tbe oi;geD componitdB at the metals. Acldn are coiiip«iiDili oT elementa tor 
the most part not metata. IB tlie rUemlral anion of aodlum -with nhlorlne. Tor example, 
Qkiat-two alMnenta dtfter iridelf ttoa eacU ottier in their tarlou* propertlM. The ehlotlne 
U the opDoaite ot the aDdlata In^Ihat reir power tijr vlrtaa of which tbe one combine* with 
the oUier lu the making of aodlnin chloride, a distinct product. In the poUrlt; of electro- 
InlB tbe Bodlum. Is tba poaltfve element, while the ubloiinc Is the negative ed«nieDt. The 
t>omr of opposite action eiareteed br the one element upon the other. In their oomblnatlon 
together, ts represented b; the oppoBlte polarlt; of the one In relation to the other durlnfc 
etoetralydSk ZlectiulrHla !■ an- exenlre of the same energy that U otherwise manifested 
ln.cheni]eal nnlon or in t, chemical chance. Strictly speaklnK. It ma; be-saldtbat It Is onlj 
In Blectrlcal reanlta that a positive or a negative pObwIty appears. Bat the term poaltlTe 
palkritr. applied' to aodllui beoause- It goee to the negative pole of a battery. Is a tenn 
labliSh, wall dcHlanatea the oppDalteneSB- of the chemical action of Bodtnm In Its onion with 
chlorine. That Is to say, the metsis are In general " positive," the not-metals In jteneral 
" asgatlTe/' la tbe relatloD of the former to the latter, and this relation may be termed 
one- ot "polarity." whether It appear Id eleetrolysU, la chemloal oomblnatton, or 111 a 
chemical change. 

In obMnlcal cnmhinallon. the atoms of each element act with a " polarity." Oie aaMM 
at trUoh mar be'expresaed In terma of hydrogen eqalralencc or " ralctun." Tbe Tatmoe of 
an element, when In combination with another element, may be counted as rolBtlToly 
" pasltlTe " or "negative" to the latter. For example, la the componnd kaowD as hydro- 
salphnrte add; tbe snlphnr Is necatlve. tbe hydrogen posltlya. In. the relation of one to tbe 
other, as represented by the dlagnun. 



In wUah' the plaa and mlms signs of mattmnattes are osad to repnaent the " poaltlre " 
and ■' nexatlre " aetlTttles of chemical elements. That la, tbe sotphnr acts with two nnlts 
ot Talmee, both In negative polarity. In sniphnric add the solphur la posltlTe In relation 
Ut'botli tbe oxys^aand tketiydroxTl, as Indicated In the diagram 



(B 






Tbat Is, tbe snlplinr acts with six nnlts of valence, all In posltlTe polarity. In respect to 
oxidation' and rednetMa, tba dUttrence between the action of anlphar In hydnmilpbitric 
add on the one han^. and'ln aulphnric acid on the other band, Is a difference- equivalent to 
elgbt nnlU of valence, tbe comhlnlng extent of eight atoms of hydrogen. This value Is In 
agreentent with the factors of oildlMng ageBts In volumetric analysis. 

In tbe SWB« neos* tbere'ls a chaise of " polarity " equivalent to the extent of eight unltH 
of valence. In reducing periodic add to hydrlodlc arid. In reducing arsenic acid to arslne. or 
Id redndng catlloa tstraohlortde to methane. That Is. In any of the groupe from IV. to 
VII. there Is a dlllereace, equivalent to tbe combining extent of eight hydrogen unltn. !»■- 
tween the negative polarity of Ihe element In Its regular combination with hydrojten, snch 
•a MH,, and lu positive poUrlty In Its bl^ieat «amblnatlon with oxygen, snch as NO, (0«K 
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and in thode between bromine and rubidium. This fact of a periodic 
return in the gradation of the properties of the elements, as their atomic 
weighte ascend, cooBtitutes a periodic system. A period is termed a Series. 
A Group in this system consists of the coireBponding members of all the 
Series, which membere are found to agree in valence, so that the number 
of the groups, from I. to VII, (not in VIII.), expresses the typical 
valence of the elements as grouped. Further inquiry shows that all the 
properi;ie8 of the elements are in relation to their atomic weights, as they 
appear in the periodic system. But this system is not to be depended upon 
to give information of the facts; it is rather to be used as a compact simpli- 
fication of facts found independently, by the student and by the author- 
ities on whom the student must depend. A full account of the Periodic 
System, as far as it is understood, is left to works on General Chemistry, 

§4. The remarkable position of Group VIII,, made up of three series, 
each of three elements near each other in atomic weight, respectively in 
Series 4, 6, and 10, is in central relation to the entire system. In thia 
group there is something of a return, from negative to positive polarity, 
from higher to lower valence. Group VIII; lies between Group VII, and 
Group I., that is to say in this group there is a return from negative to 
positive nature, and from higher to lower valence. Moreover, the newly 
discovered elements related to argon, destitute of combining value as they 
are, appear to constitute a Group 0. The latest results render this position 
of the argon group of elements so probable that it has been placed in the 
chart for convenience of study, subject to further conclusions, (W, Ramsay, 
Br. Assoc. Adv. Sci., 1897, 598-(i01; B. 18ft8, 31, 3111. J, L, Howe, C. N., 
1899, 80, 74; 1900, 82, 15, 52. Ostwaid, Grundr. Allg. Chem., 3te Auf., 
1899, S, 45.) In comparison with the members of Group VII. those of 
Group VIII. certainly have a diminished negative polarity, and a lower 
valence, the latter being easily variable. Some of the particulars are given 
below under the head, " Metals in Relation to Iron." The most remark- 
able thing about Group VIII. is the fact that the return to Group I. from 
Group VIII. is less complete than the return from Group VII. That is to 
say, the character of copper is divided between Group VIII. and Group I,, 
and the same is true of silver and of gold. This relation to Group VITI, 
can be traced, in some particulars, to zinc and cadmium and mercury in 
Group II, For these reasons Series 4 and 5 may be studied as one long 
period of seventeen members. Series 6 and 7 as another long period and 
Series 10 and II as a third and final long period. 

§5. It is to be observed that each one of the Groups, from I. to VTI., falla 
in two columns, a column consisting of the alternate eUmenis in ike group. 
Thus, E, li, E, Bb and Cs make up the first column of Group I. It is 
among the alt«rnate members of a group that the closer grade-relations of 

- - ,Jlc 
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the elemente are found. The gradations represented under one column 
are distinct from those under the other in tlie same group. Tho well 
■known alternate elements of a Group, so far as found clearly graded 
together in respect to given properties, are to be studied as a Family of 
elements. Again a number of elements nest each other in a Series are to 
be studied together, either by themselves or with an adjoining half-group. 

For the studies of analytical chemistry the following given are the more 
strongly marked of the families of the well known elements. 

§6. The Alkali Metals.— U 7.03. (Na 23.0.-.), K 39.11, Bb 85.4. Ca 132.9. 
The first part and sodium of the second part of Group I. In the grada- 
tion of these elements the basal power increases (lualitatively with tJic rise 
in atomic weight. The hydroxides and nearly all salts of these metals are 
freely soluble in water, wherein they are unlike the ordinary metals of all 
the other groups. For the most part, however, these solubilities increase 
with the atomic weight of the metal, and the carbonate and ortho phosphate 
of lithium are but slightly soluble. 

§7. The Alkali7ie Earth Metah.—(Kg 24.3), Ca 40.1, Sr 87.60, Bb 137.40. 
These metals, like those of the alkalis, form stronger bases as they have 
higher atomic weights. Both in Group I. and in Group II. the member 
in Series 3 (Na, 1^), though in the second set of alternate members, agrees 
in many ways with the next three of the first set of alternates. The 
hydroxides of these metals are not freely soluble in water but are regularly 
more soluble as the atomic weight of the metal is higher. The sulphides 
are freely soluble; the carbonates and ortho phosphates quite insoluble. 
The sulphates have a graded solubility, decreasing as the atomic weight 
is higher, an order of gradation the reverse of that of the hydroxides and 
of wider range. That is, at one e.xtreme the magnesium sulphate is freely 
soluble, at the other barium sulphate is insoluble. 

§8. The Zinc Family.— %% 24.3, (Al 27.1), Zn 65.4, Cd 11S.4, , 

Hg 200.0. These metals, save aluminum, belong to the second alternates of 
Group II., and, like those of the corresponding half of Group I., in their 
gradation they are in general less strongly basal as they rise in tlieir atomic 
weights. Aluminum, here drawn in from Group III. second half, has the 
valence of the third group, and differs from the others in not forming a 
sulphide. The sulphide of magnesium is soluble, the sulphides of zinc, 
cadmium and mercury insoluble in water, and these three show this grada- 
\\<m, that the zinc sulphide is the one dissolved by dilute acid, while the 
mercury sulphide is the one requiring a special strong acid to dissolve it. 
both these differences being depended upon in analysis. Wcreury, sepa- 
rated from cadmium by two removes in tho periodic order, is but a distant 
member of this family. 

§9. Metals in Relation to /ron.— Cr 62.1, Xn 55.0, Fe flrvft, Ni 58.70, 
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Co 59.00. The atomic weights of these metals lie nearly together. They 
all helong to one Series, the fourth, representing Groups VI. and VII., 
and make the first of the instances of three members together in one series 
in Group VIII. Chromium, being in the first division of its group, goiild 
not lie expected to grade with sulphur and selenium, nor would manganese 
Ik- expected to grade with chlorine and bromine, but the disparity is strik- 
ing in both cases, especially in the comparison of melting points. The 
valence of both chromium and manganese ap|>eara partly exceptional to 
their positions in the system but the maximum valence of each is regular. 
That all of these five elements, neighbors to chlorine and bromine, are 
counted as metals, is not contrary to the periodic order. Group VIII. bindif 
Group I. to Group YII. After Co 59.00 follow Cn fi3.6 and then Zn 65.4. 
Indeed each of " the well-known metals related to iron " is capable of serv- 
ing as either a base or an acid, by change of valence. These metals are the 
special subjects of oxidation and reduction. So far they resemble their 
non-metallic neighbors, the halogens. Of the five, chromium and man- 
ganese (nearest the halogens) form the best known acids. Nickel and 
colialt, like copper, have a narrower range of valence, a more limited extent 
of oxidation and reduction, within which they as readily act. These 
valences, in capacity of combination with other elements, not including the 
most unusual valences, may be written in symbols as follows: 

3-3-6 2-.1-4-6-7 2-3-6 2-3 2-3 1-2 2 

Or , Kn , Pfl , Ni , Co , Cu , Za 

On reaching zinc, 65.4, in this gradation, the capacity of oxidation and 
reduction disappears. Sulphides are formed by such of these metals as act 
with a valence of two (all except chromium), and these sulphides are insolu- 
ble in water. In the conditions of precipitation sulphides are not formed 
with the metal in any valence other than two. Chromium acting as a 
base with a valence of three, like aluminum whose only valence is three, 
refuses to unite with sulphur. Trivalent iron in precipitation by sulphides 
is mainly reduced to ferrous sulphide (FeS). In chromates the chromium 
valence is reduced from six to three by hydrogen sulphide acting in sohi- 
tion. A carbonate is not formed by chromium, this being another agree- 
ment with aluminum, and the same is true of trivalent iron. 

§10. The Melah not Alkalis tit Group I., Second Part, and ilmr Relatives 

in Group VIIT.—Ca 63.6, Aff 107.92, , An 197.2. In gradation these 

metals are less strongly basal, and more easily reduced from their com- 
pounds to the metallic state, as their atomic weights rise. This is in agree- 
ment with the gradation among the second set of alternates in Group II.. 
tiie Zinc Family. It likewise agrees with second part of Group VII., the ■ 
halogens. These elements of Group I. are to be studied with those of 
Group VIII., especially with those respectively nearest them in atomic 
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weight: Cn 63.6 with Ni 58.70 and Co 59.00, J^ 107.92 with Pd 107.0, and 
An 197.2 with Pt 194.9. Those with atomic weights ahove that of copper 
rank as "noble tnetal.'^," from their resistance to oxidation and other 
qualities, so ranking in higher degree as their atomic weights increase. 
Their melting points (those of Pd, Ag, An, Pt) rise in the same gradation. 

By action of ammonium hydroxide upon solutions of their saltc these 
(seven) metals form metal ammonium compounds, all of which arc soluble 
in water except the compounds of platinum and gold (highest in atomic 
weight). All of the seven named form sulphides insoluble in water, in 
condition of precipitation. For the most part their sulphides are relatively 
more stable than their oxides. Silver differs from the others in the insolu- 
bility of its chloride, and agrees irregularly in this fact, one prominent in 
analysis, with mercury in its lower valence, and partly with lead. 

§11. Thf Nitrogen Family of Elements.— "S 14.04, P 31.0, As 75.0, 

Sb 120.4, , Bi 208.1. The entire second part of Group V., and from 

the first part the Leading Element of the group. Nitrogen and phosphorus 
count as non-metals, antimony and bismuth as metals, arsenic as inter- 
mediate, the polarity Ijeing more positive as the atomic weight increases. 
In combinations with hydrogen, like ammonia and ammonium compounds, 
phosphine and phosphoniiim salts, and also like analogous organic bases 
where carbo- hydrogen takes the place of a part or all of the hydrogen, there 
is a remarkable unity of type in this family. The same is true of the com- 
binations with oxygen, like nitric acid. It is in Group V. that the group 
valence for oxygen begins to diverge in gradation from the group valence 
for hydrogen. In ammonium compoiinds nitrogen exercises a valence of 
five, it doubtless is true, but this total of five units is always limited in 
polarity to a balance of three negative nnits at most. In ammonia: 
H-».HHH, In ammonium chloride: N-* + ^ = -».HHHHCl. Bismuth 
is a distant member, a vacancy falling between it and antimony. 

Phosphorus, arsenic and antimony are in gradation with each other as 
to their indifference to chemical combination and readiness of reduction to 
the elemental state, these qualities intensifying with the rise in atomic 
weight. In this gradation nitrogen, belonging among the other alternate 
members, has no part. In its chemical indifference it stands in extreme 
contrast to phosphorus. 

§12. Relalion of Tin and Lead to the Nitrogen Family. — These metals 
arc in Group IV,, each combining both as dyad and tetrad, a valence dis- 
tinctly unlike the valence of the nitrogen family, which is entirely regular 
for Group V. In Series 7: Sn 119.0, 8b 120.4, In Series 11: Pb 306.92, 
Bi 208.1. The metals in the first named pair are two removes from those 
in the second pair, all being among the second alternate members. In thplr 
aalts tin and antimony are more easily subject to changes of valence than 
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are lead and bismuth. In further comparieon, arsenic, in its deportment 
lis a metal, may be included, making the list: Al 75.0, Sb 120.4 {Sn 119.0), 
Bi 208.1, (Pb 206.92). Of these, only arsenic forma a higher oxide soluble in 
water (separation after treatment with nitric acid and evaporation). Arsenic 
and antimony form gaseous hydrides, in this agreeing with phoephonis and 
nitrogen, the others do not. The stability of the hydrides of N, P, Ab, Sb, 
all in the type of ammonia, is in the ratio inverse to that of the atomic 
weight. All of these metals are precipitable as hydroxides save arsenic, 
all are precipitated as sulphides, and these have chemical solubilities some- 
what in gradation with atomic weights, the arsenic sulphide being most 
fully separable by chemical solvents. The S|)aring solubility of the chloride 
of lead, referred to in description of silver, is approached by the insolu- 
bility of the oxy-ehlorides of bismuth, tin, and antimony, and this faci 
must be borne in mind, when precipitation by hydrochloric acid is employed 
for separation of silver and univalent mercury in analysis. 

Xitrogen in its trivalent union with hydrogen, the leading element of the 
group of alkali metals, constitutes an active alkali. In its prevalent imion 
with oxygen, the leading element of Group VI.. that is with oxygen and 
hydroxyl, nitrogen forms an acid which is very active though not very 
stable, its decomposition being represented by its gunpowder salt. Tho 
degree of negative polarity of nitrogen, or its capacity for acid formation, 
in accordance with its place next to oxygen among the atomic weights, is 
shown in that singular ijistable body, hydronitnc acid. HN„ of decided 
acid power, constituting well marked salts, such as NbH„ in which a ring 
of nitrogen alone acts as an acid radical. The first four members of the 
nitrogen family agree with each other in forming trivalent and pentavalent 
anhydrides and acids, the peiitavalent ones being the more stable. The 
pentavalent acids are of especial interest. In nitric acid the five units of 
positive valence of an atom of nitrogen are met by two atoms of oxygen 
with two units each of negative valence and a unit of negative valence 

of hydroxyl: H — — N^q. The same constitution is found in metaphos- 
phoric acid HO P Oj , mota-arsenie acid HO As 0^ , and in autimonic acid 
HOSbOj. The so-called ortho acids, phosphoric and arsenic, have the 
constitution (HO), PO and (H0)3Ab0, rc!-pectively. Phosphoric and 
arf^enic acids have a remarkable likeness to each other in nearly all the 
properties of all their suits, behaving alike in analysis so long as preserved 
from action of reducing agents. These sharply separate arsenic, usually in 
one of its trivalent forms, AsE, or AsjSj . Antimony is reduced from its 
acid even more readily than is arsenic, in accordance with the gradation 
stated above. 

In the solubility of its metal salts the acid of nitrogen is, agaiii|^Q 
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Etrong contrast with the acids of the elemente of the second part, phos- 
phoric and arsenic acids. Metal nitrates are generally all soluble in water. 
Of the metal phosphates and arsenates, that is the full metallic salts of 
phosphoric and arsenic acids, in their several forms, only those of the alkali 
metals dissolve in water. 

§13. The Halorjeiis.—F 19.05. CI 35.45, Br 79.95, I 1S6.85. The lead 
ing element of Group VII,, one of its first set of alternate members. 
and the three known members of the second alternates. In the halogen 
family fluorine has a relation like that of nitrogen in its family, taking 
part in the group gradation as to polarity, solubility of compounris and 
other qualities, b\it standing quite by itself in respect to certain properties, 
It is the moat strongly electro-negative of the known elements, a fact in 
accord with the relation of its atomic weight. 

For the common work of analysis wc may confine our study of the 
halogens to chlorine, bromine, and iodine. In the order of their atomic 
weights, these elements appear. res])ectively, in gaseous, liquid, and solid 
state, under common conditions. Their hydrogen acids, HCl, HBr, and 
HI, show a stability in proportion to the electro-negative polarity of the 
halogen, hydriodic acid being so unstable as to sulfer decomposition in the 
air. In the solubility of their metal salts these acids are nearly alike, all 
being soluble except the silver, univalent mercury, and lead salts, but the 
iodides of divalent mercury, bismuth and divalent palladium are sparingly 
soluble. Each of these halogens, most especially iodine, forms a class of 
salts each containing two metals, one of the united metals being that of an 
alkali, such as (KI), Hgl, and K, Pt CI, . The periodides show that iodine 
atoms have a power of uniting with each other, in the molecules of salta, 
a power partly shared by bromine and chlorine and probably exercised in 
many complex halogen compounds. By this means two atoms of a halogen 
may serve the same as one atom of oxygen, in the linkings of molecular 
stnicture. 

Of the oxygen acids of cJilorine, bromine and iodine, those in which the 
halogen has a valence of five arc more stable than the others. These acids 
are chloric, HO CIO,; bromic, EOBrO^; and iodic, HOIO,. Chloric acid 
agrees with nitric acid, EG K 0^ , in the fact that it forms soluble salts with 
all the metals. Chlorates decompose more violently than nitrates; iodatea 
for the most part less readily than the latter. Of the oxygen acids with 
a halogen valence of seven, periodic acid, HO 1 0, , also {HO)^ 1 , is pre- 
served intact without difficulty. 

^14. The ReJaiions of Sulphur.— 8 32.07. Sulphur is the first member 
of a family including selenium and tellurium. It differs from oxygen 
almost as much as phosphorus differs from nitrogen, and we may say more 
than silicon differs from carbon. The higher valence of,Group-VI., eiit- 
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cieed tovard oxygen, cannot be met by oxygen itself. Of the acids of 
Bulphur, HjS, in which sulphur has two electro -negative units of valence, 
is quite unstable, while (HO), SO^, in which the sulphur has six electro- 
positive units of valence, is the most stable. The siilphides (sails of H^S) 
of the heavier metals i^uite generally are insoluble in water, an important 
means of separation in analysis. The siilphates (salt* of H2SO4) of the 
larger number of the metals are soluble in water, the exceptions 1 eing 
important to observe, those of Pb 206.92, Bft 137,40, Sr 87.60, and (with 
sparing solubility) Ch 40.1. Of these sulphates, that of barium (least i-olu- 
ble), is the one usually employed in analytical si'paration. 

§18. The delations of Carbon. — C 12.0. Parbon, in a central position 
in respect to polarity, stands alone in its capacity for a multitude of dis- 
tinct compounds with hydrogen and oxygen, with and without nitrn;:cn, 
these. being the so-called organic compounds. This cajiacity goes with 
the power of carbon atoms to unite with each other in the same mole- 
cule. It appears in acetylene CjH3(HC = CH), also in oxalic' acid, 
(HO) OC — CO(OH). The same capacity of union of the atoms of an 
element with each other, in the molecules of compounds, is exercised 
by other elements in fewer instances, as by nitrogen in hydronitrie acid, 
by oxygen in ozone, by sulphur in thiosulphuric acid, anil by iodine 
in periodides. In carbon, nitrogen, and oxygen we see a decreasing grada- 
tion of this capacity, as the atomic weights ascend. Silicon, next to carbon 
in Group IV., b\it in the opposite sot of alternates, agrees with carbon in 
the formation of many corresponding compounds, while it is entirely desti- 
tute of the capacity of uniting its atoms to each other in building up 
combinations. 



§16. The Clftssification of the Uetale aa BHses. 

The grouping of all the elements, both metals and not metals, according 
to their projiertics as related to their atomic weights, is the object of The 
Periodic System, briefly given in the foregoing pages for studies hearing 
especially ujion the main methods of analysis. 

The ordinary grouping of the bases in the work of analysis, outlined in 
the next paragraph, is done by the action of a few chcmiral agents, termed 
"group reagents," which have been chosen from a large innnber of re- 
agents, as being more satisfactory than others, for the use of the greater 
number of analysts. This ordinary grouping, therefore, is not the only 
way in which the metals can be separated, in the practice of analytical 
chemistry, nor is any one scheme of separation adopted throughout hy all 
authorities. The principal separations of analysis can bo well understood 
by gaining an aequninianrf iritli fhe propertied! of ihr leading baiies artd^cid-t. 
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in their action upon each other. Withoiit this acquaintance, the analyBt is 
the servant of routine, and his results liable to fallacy. 

The following named are the bases of more common occurrence. 



The Alkali Baaea. 

The sixth group.* 



FotasBium (Ealium), E^.f 



Sodium (Natrium), Na', 
Ammonium, (HH4)'. 



The AlkRline Earth I 

The fifth group. 



Magnesium, K{^. 



Calcium, Strontium, 
Sr^', Ba". 



Not precipitated from their salts 
&y any of the group reagents. Potas- 
sium and sodium are found after re- 
moving all the following named 
groups. Ammonium is found by 
tests of the original, this base being 
added in the " groiip reagents." 

In combination in potassium hy- 
droxide, EOH , and in potassium 
salts, such as the chloride ECl , and 
the nitrate, OfOj . 

In the base, sodium hydroxide and 
its salts. 

Forms ammonium hydroxide, 
NH,OH, representing ammonia, 
NHa , and water, and ser\'ing as the 
base of ammonium salts, such as 
(JHM,),SOi , ammonium sidphati'. 

(Precipitated by carhonatop, which 
fact alone does not separate them 
from the following named groups.) 

f^eparaled hi/ preripitnfion ax a 
phosphate nfler removing aU the fol- 
lowing named bases. I'nrm? magne- 
sium hydroxide, Mg{OH)j . and mag- 
nesium salts, such as UgSO^ . 

Separated h/ precipitalion ivilJi 
Ammonium Carbonate, adding 
.hU^CI to keep magnesium from pre- 
cipitation. Calcium carbonate, a 
normal salt, CaCO^ . 



• TheslXtlidlvliloTi otthebBses,lntheorderla wblolilheyar 
lirecipltatlon with the group reagents. ' 

tTbe Bomsn numerala <&■ i) eipreas units of valence, e< 
bydrog«ii. Id the formation of gaits and other oomblnatlons. 



r Bepaisted from et 
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The Zinc and Iron Groups. 



The Zino Group. 

The fourth group. 
Zu": zinc Rsltg. 
Mn": manganoug salts. 
Mn"': manganic salts, 
Mn^: Baits niiBtable. 
Hn": salts of manganic acid. 
Kn^": ^Its of permanganic acid. 
Ki": nickel salts. 
Co": cobaltous salts. 
Co"': cobaltic salts. 

Tlie Iron Oroap. 

The third group. 
Fe": ferrous salts. 
Fe^": ferric salts. 
Cr"': chromic salts. 
Cr": thromates. 
Al'": aluminum salts. 

HetBli f Blling: with Coppei and Tin. 

The second group. 



(Precipitated by sulphides, this 
being a separation from the fore- 
going, not from the following named 
groups of bases.) 

Separated by precipitation with 
Ammonium Sulphide, after removal 
of all Ihe following named bases as 
directed below. (The precipitates 
are all sulphides.) 



The Copper Group. 


D 


uistOH n. second gronp. 




]i[orcnry (Ilydrarsyrnm) 


Hs' 


: mercuric smlts. 


HS' 


nicrciiroiis saltp. 




Silver (Arnontum). 


As' 


.ilrcr .Bits. 




I*nil (I'lumbum). 


rv 


lead raits. 


M" 


: l)ismnth salts. 


Co" 


copper or eupric salts. 


On' 


cuprous salts. 


Cd' 


cadmium salts. 



Separated by precipitation with 
Ammonium Hydroxide, in presence 
of NH.Cl , after the removal of the 
grou|)E named following. (The pre- 
cipitates are all hydroxides.) 



Precipilaled by H,S in acidulated 
solution. (The precipitates are sul- 
phides.) 

Separated by the insolubility of 
the precipitated sulphides in treat- 
ment with Ammonium Sulphide. 



DgitzedH, Google 



ifis. 
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The Tin Gronp. 

Dirision A, second group. 
8n": titannous saltR. 
Sn'^: stannic salts and gtannates. 
Sb'": antimonoug compounds. 
Sb": antimonic compounds. 
Aa"': areenous compounds. 
As': arsonk' compounds aud arse 
ates, 

Hetals Precipitated aa Chlorides. 
The Silver Group. 

The first group. 



Separated by dissolving the pre- 
cipitated sulphides with Ammonium 
Sulphide. 



The silver, lead, and univalent 
mercury, grouped in the division last 
above ttiven. Silver and the mer- 
cury of mercurous salts can be re- 
moved, as chlorides, by precipitation 
with hydrochloric acid. The precip- 
itate of lead is not insohible enough 
to remove this metal entirely, in sep- 
aration from other groups. 



§17. The Acids of Cehtain Cohmonlt Occurbing Salts. 



Name of Add. 


Name of Salt. 


Formula. 


Bhowing Hydroiyl. 


Aahydrlf 


Carbonic 


Carbonate 


H,CO. 


(HO),CivO 


CO, 


O-calic 


Oxalate 


H,C,0. 


(HO),C,ivO, 


CO. 


Nitric 


Nitrate 


HNO. 


(HO)NVO, 


N.O, 


XitroDS 


Nitrite 


HNO, 


(H0)»mO 


N.O. 


Phosphoric (ortho) 


Phosphate 


H,PO. 


(H0),PV0 


P.O. 






HPO, 


(HO)PvO, 


P.O. 


Pyrophosphoric 


Pyrophosphate 


H.P.O, 


(H0),PV,0, 


P.O. 


Sulphuric 




H,SO, 


(H0).8vib, 


SO. 


Sulphurous 


Sulphite 


H.SO. 




SO. 


Hydrosulphuric 


Sulphide 


H,S 






Hydrochloric 


Chloride 


HCl 








Bromide 


HBr 






Hydriodic 


Iodide 


HI 






Chloric 


Chlorate 


MClO, 


(HO)ClvO, 


C1.0. 


Iodic 


lodate 


HIO. 


(HO)IVO, 


1.0, 




The Opeh.^tii 


>X3 OF Ax 


ALTSI8. 





§18. Chemical atialyBis is the determination of any or all of the compo- 
nents of a given portion of matter, whether this be polid, liquid or gaseous. 
A portion of matter is made up of one or more definite and distinct sub- 
Gtances, or chemical individuals, each of which is either a ," epmpjjund " or_ 
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an " element " and is always and evurywliere the same. It U required of 
analysis to determine a chemical compound a^ a body distinct from the 
chemical elements that have formed it. For example, the analyst may 
have in hand a mixture containing sodium sulphate, Na^SO^ ; eodium sul- 
phite, KSjSO, , anil sodium thio^ulphate, UTajS^O^ , but not containing any 
sodium or sulphur or osypen as these bodies are severally known to the 
world and described in chemistry. In this instance the analyst in his 
ordinary work does not'separate the sulphur or the sodium, as elements 
uncomhined with oxygen, either in qualitative or in quantitative oper- 
ations. Each one of thtr compounds of Ihe sulphur with the oxygen is 
usually sought for and found and weighed as a chemical individual. Cer- 
tain of the chemical elements, however, are frequently separated free from 
all combination, as a method of determination of their compounds. 

§19. The analysis of gaseous material is termed fias Analysis; that of 
mixtures of the complex compounds of carbon, Organic Analyaia. An 
examination of organic matter, when limited to a determination of its ulti- 
mate chemical elements is styled Ultimate Organic Analysis. When it is 
undertaken to determine individual carlxm compounds actually existing in 
organic ma'tter, it has been spoken of as Proximate Organic Analysis. If 
the same distinction were to be applied to inorganic analysis, we should 
btive to say that it is mostly "proximate" but is sometimes "ultimate'" 
in its methods of operation, 

SW). The term Qualitative Chemical Analysis as commonly used is con- 
fined to a chemical examination of material, chiefly inorganic, in the solid 
or liquid state, the inquiry being limited for the most part to well known 
euhstances. 

S21. In the methods of analysis of a mixture, it is often required to 
separate individual substances from each other, but sometimes a distinct 
compound can he identified and sometimes its quantity can bo estimated 
ivliiJe it is in the presence of other bodies. Both the identification and 
separation are accomplisihed, nearly alway,-;, hy effecting changes, physical 
and chemical. 

Jlcthods of analysis are as numerous as are the ways of bringing into 
action the physical and chemical forces by which chemical changes are 
wnnigbt. The cliarncteristicc of any chemical individiial, hy which it ia 
distinguished and removed from others, lie in its responses to the physical 
and chemical forces, including especially the chemical action of certain 
well known compounds called reagents. - 

g22. The response toward heat and preainre fixes the melting and boiling 
points, its ordinary sohd or liquid or gaseous state. The operations " in 
the dry way" are done over a flame or in a furnace, with or without solid 
"reagents" and with regard to oxidation. Tbey represent some of the 
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methods of metallurgical manufacture. The liquid state, whether by 
fuBing or by solution, is the state coraraonly necessary or favorable to chem- 
ical change and its control. 

§23. The deportment of a solid substance toward light comprises its 
color and that of its solutions, as well as that of its vapor, in ordinary light, 
and the bands and primary colors it exhibits in the uses of the spectroscope 
(Crookes, J. C, 1889. 55, 235; Welsbach, M., 1885, 6, 47). 

§24. The conduct of a chemical compound in eleclrohjsiti is. in various 
cases, a means both of identification and of sejtaration. Klcctric condur,- 
iivily methods are used for establishing the presence or absence of minute 
traces of substances {Kohlrausch Whitney, Z. pht/x. Ch., 1896, 80, 44). 
Again, traces of dissolved malters too minute for other means of detection 
can be revealed by the difference of electric poUnltal between electrode and 
solution (Ostwald, Lehrb., 2 Aufl., II, 1, 881; Behrend, Z. phys. Ch., 189;), 
11, 466; Hulett, Z. phys. Ch., 1900, 33, 611). 

§85. By far the most extensive of tlie resources of analysis lie in the 
chemical reaction cii one definite and distinct substance with another, ac- 
cording to the character of each, giving rise to a chemical product having 
peculiarities of its own in evidence of its origin. In this way the com- 
pounds are bound in regular relations to each other. Therefore it belon;:^ 
to the analyst to gain personal acquaintance with the behavior of the reprc- 
. sentative constituent bases and acids toward each other. 

§28. Operations for chemical change are commonly conducted in solu- 
tion. The material for analysis is dissolved, and ts treated with reagents 
that are in solution. A solid or a gas is dissolved in a liquid in making a 
solution. When the dissolved substance is converted into one that will 
not dissolve a precipitate is formed. It is necessary therefore to unib'r- 
siand the nature of solutisn and to give heed to its obvious limitations. 
Certain facts and conclusions as to the chemical state of dissolved com- 
pounds are presented under the bead next following. " Solution and Touisia- 
tion." Bnt it must first be ohscr^-cd that the universal solvent, water, U 
always understood to be present in somewhat indefinite proportion in 0[>era- 
tions " in the wet way." It serves as a vehicle, as such not being included 
in any statement of the substances operated upon, nor formulated In equa- 
tions, any more than is the material of the test tube, but often some portion 
of it enters into combination or suffers decomposition, and then it must be 
placed among the substances engaged in chemical change. 

§27. No other projierty of substances has so great importance in analysis 
and in all chemical operations, as their nohthilUy in valer. It must never 
be forgotten that there are degrees of solubility, but there is hardly such a 
fact as absolute solubility, or insolubility, regardless of the proportion 
of the solvent. There are liquids which are miscible with each other 
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in all proportions, but solids seldom dissolve in all proportione of the boI- 
yent, neither do gascB, For every solid or gas, there is a least quantity of 
solvent which can dissolve it. One part of potassium hydroxide is soluble 
in one-half part of water (or in any greater quantity), but not in a less 
quantity of the solvent. One jmrt of sodium chloride requires at least two 
and a half parts of water to dissolve it. One part of mercuric chloride will 
dissolve in two parts of water at 100 degrees, hut when cooled to 15 degrees 
so much of the salt recr^'stallizes from the solution, that it needs twelve 
parts more of water at the latter temperature to keep a perfect solution. 
Lead chloride dissolves in about twenty parts of hot water, about half of 
the salt separating from the solution when cold. Calcium sulphate dis- 
solves in about 500 times its weight of water — this dilute solution forming 
one of the ordinary reagents. Barium sulphate is one of the least soluble 
precipitates obtained, requiring about 430.000 parts of water for its solution 
at ordinary temperature (Hollemann, Z. phps. Ch., 1893, 12, 131). In ordi- 
narv' reactions it is not appreciably soluble in water. Lead sulphate dis- 
solves in about 21,000 parts of water: in many operations this solubility 
may be disregarded, but in (juantitative analysis the precipitate is washed 
with alcohol instead of water, losing less weight with the former solvent. 
These e.^amples indicate the necessity of discriminating between degrees of 
solubility. Also the sohibility of a particular compound is dependent upon 
the physical form of that compound (§69, 5 6) ; e. g., amorphous magnesium 
ammonium phosphate is quite soluble in water, the crystalline salt being 
almost insoluble. \Vhen a solvent has dissolved all of a substance that it 
can at 8 particular temperature, in contact with the solid, the solution is 
said to be saturated at that temperature. It frequently happens that a 
saturated solution of a substance at a higher temperature may be cooled 
without separation of the solid. Such a solution (at the lower temperature) 
is said to bo supersaturated and precipitation' frequently is induced by 
jarring the solution, more surely by adding a crystal of the dissolved sub- 
stance, 

§28. The ordinary liquid reagents are solutions in water — sulphuric acid 
and carbon disulphide being exceptions. Hydrochloric acid, liquid hydro- 
sulphuric acid, and ammonium hydroxide (reagents) are solutions of gases 
in water; on exposure to the air these gases gradually separate from their 
solutions. All these gases escape much more rapidly when their solutions 
are wanned. The majority of liquid reagents are solids in aqueous solu- 
tion. (See the list of Reagents.) 

^29. Substances are said to dissolve in acids, or in alkalis, and this is 
termed chemical solution; more definitively it is chemical action and solu- 
tion, the solution being counted as a physical change. We say that cal- 
cium oxide dissolves (chemically) in hydrochloric acid; that is, in ^hr 
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reagent oHined hydrochloric acid, a mixture of that acid and water. The 
acid unites with the calcium oxidp, forming a soluble solid, which the water 
dissolvee. Absolute hydrochloric acid cannot dieeolve calcium oxide. 

§30. Solids can be obtained, without chemical change, from their aqueous 
solutions: Firstly, by evaporation of the water. This is done by a careful 
application of heat. Secondly, solidB can be removed from solution, with- 
out chemical change, by (physical) precipitation — accomplished by modify- 
ing the solvent. If a solution of potassium carbonate, or of ferrous sul- 
phate, be dropped into alcohol, a precipitate is obtained, because the salts 
will not dissolve, or remain dissolved, in the mixture of alcohol and water. 
But, in analysis, precipitation is more often effected by changing the dis- 
solved substance instead of the solvent. 

§31. Solids can be separated from their solution by precipitation due to 
chemical change, to the extent that the product is insoluble in the quantity 
of the solvent present. Calcium can be in part precipitated from not too 
dilute solutions of its salts, by addition of sulphuric acid; but there stil! 
remains not precipitated the amount of calcium sulphate soluble in the 
water and acid present, which is enough to give an abundant precipitate 
with ammonium oxalate, the precipitated sulphate being previously re- 
moved by filtration. 

I'ime and heat are required for the completion of most precipita- 
tions. If it is necessary to remove a substance, by precipitation, before 
testing for another. substance, the mixture should be wanned and allowed 
to stand for some time, before filtration. Neglect of these precautions often 
occasions a double failure; the true indication is lost, and a false indication 
is obtained. 

§32. Keagents should be added in very small portions, generally drop by 
drop. Often the first drop is enough. Sometimes the precipitate redis- 
solves in the reagent that produced it, and this is ascertained if the reagent 
be added in small portions, with observation of the rendt of each addition. 
If it is a final test, a quantity of precipitate which is clearly visible is suffi- 
cient, but if the precipitate is to be filtered out and dissolved, a considerable 
quantity should be formed. If the precipitate is to be removed and the 
filtrate tested further, the precipitation must be completed — -by adding the 
reagent as long as the precipitate increases, with the warmth and time 
requisite in the operation; and a drop of the same reagent should be added 
to the filtrate to obtain assurance that the precipitation has lieen completed. 
It will be found, with a little experience, that some reagents must be iisfd 
in relatively large quantities. On the contrary, the acids, sulphuric, hydro- 
chloric and nitric, are required in a volume relatively very small. 

§33. Certain very exact methods of identification can be conducted by 
drop tests upon a black or white ground, or upon a glass slide and especially 
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with help of a microscope and with studies of crystalline form. Further 
Bee Behrene, Z. 1891, 30, 125; and Herruschniidt and Capclle, Z. 1893, 32, 
608. 

§34. Precipitates are removed — usually by filtration, soraetimei: hy docan- 
tation. If they are to be dissolvetl, they must be first washed till free from 
all the substances in solution. For complete precipitation some excess of 
the reagent must have been used. Beside the reagent there are ntlicr dis- 
solved matters, after precipitations, some of which are indicated liy the 
equation written for the change. All these dissolved substances permeate 
and adhere to the porous precipitate with greater or less tenacity. Tf they 
are not wholly washed away, some portion of them will be mixed with tlio 
dissolved precipitate. Then, the separation of substances, the only object 
of the precipitation is not accomplished, while the operator, proceeding 
just as though it was accomplished, undertakes to identify the members of 
a group by reactions on a mixture of groups. The washing, on the filter. 
is best completed by repeated additions of small portions of water — around 
the filter border, from the wash bottle — allowing each portion to pai*s 
through before another is added. The washings should he tested, from 
time to time, until they are free from dissolved sultstances. 

§36. In dissolving precipitates — by aid of acids or other agents — use 
the least possible excess of the solvenl. Kndeavor to obtain a solution 
nearly or quite saturated, chemically. IE a large excess of acid is carried 
into the solution to be operated upon, it usually has to Ik; neutralized, and 
the solution then becomes so greatly encumbered and diluted that reactions 
become faint or inappreciable. Precipitates may be dissolved on the filter. 
without excess of solvent, by passing the same portion of the (diluted) 
solvent repeatedly through the filter, following it once or twice with a few 
drops of water. The mineral acids should be diluted to the extent required 
in each case. For solution of small quantities of carbonates and some 
other easily soluble precipitates the acids may be diluted with fifty times 
iheir weight of water. Washed preeipilntes may also he dissolved in the 
test-tube, by rinsing them from the filter, fhrongh a puncture made in its 
point, with a very little water. If the filter be wetted before filtration, the 
precipitate will not adhere to it so closely. 

§36, ^^^len the addition of a reagent is to cause a change in the acid, 
alK-Rline or neutral condition of the solution, the addition of sufficient 
reagent to cause the desired change should always be governed by testing 
n drof) of the solution, on a glass rod. with a piece of litmus paper. 

S37. When substances in separate solution are brought together, an 
evidence of the formation of a new substance is the appearance of a solid 
in the mixture, a precipitate. A chemical change between dissolved sub- 
stances — salts, acids, and bases — will be practically complete when one or 
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more of the products of such change Ib a solid or a gae, not soluble in the 
mixture. As an example. Calcium carbonate + Hydrochloric acid ^ Cal- 
cium chloride + M'ater + Carbon dioxide (gas). 
■ §38. In the practice of qualitative analysis, the student necessarily refers 
to authority for the composition of precipitates and other products. For 
example, when the solution of a carbonate is added to the solution of a 
calcium salt, a precipitate is obtained: and it has been ascertained by quanti- 
tative anal3'8i8 that this precipitate is norma! calcium carbonate, CaCO, , 
invariably. Were there no aiitJiorized statement of the composition of this 
precipitate, the student would be unable, without making a quantitative 
aDalysis, to declare its formula. or to write the eqiiation for ita production. 
When the results of analytical operations are substances of unknown, uDcer- 
tain, or variable composition, equations cannot be given for them. 

§39. The written equation represents only the substances, and the quan- 
tity of each, which actually undergo the chemical change that is to be 
expressed. Thus, if a reagent is used to effect complete precipitation, an 
excess of it must be employed, beyond the ratio of its combining weight in 
the equation. That is, if magnesium sulphate t>e employed to precipitate 
barium chloride, the e.xact relative amount of magnesium sulphate indicated 
by the equation : BaCl, -|- MgSO, — BaSO, + M gCl^ , fails to precipitate all 
of the barium. The soluble sulphate must be in a slight excess. On the 
other hand, to effect complete precipitation of the sulphate the barium 
must be in a slight excess. 

§40, By translating chemical equations into statements of proportional 
parts by weight, they are prepared to serve as standard data of absolutely 
pure materials, and applicable in operations of manufacture, with large or 
small quantities, after making due allowance for moisture and other im- 
■ purities, necessary excess, etc. In quantitative analysis the equation is the 
constant reliance. For example, in dissolving iron by the aid of hydro- 
chloric acid, we have the equation: 

I^^-3HCl = FeCl, -l-H, . 

56 -I- 73.9 = 126.9 + 2. 

Also in precipitating ferrous chloride by sodium phosphate, we have the 
equation: 

PaCl, + NatHFO^lSHiO = F«HPO, -|- SNaCl + ]2H,0 . 
126.B + (143.1 -I- 216) = 152 + 117 . 

Suppose it ia desired to determine from the above: 

(1) How much hydrochloric acid, strength 32 per cent, is required to 
dieaolve 100 parts of iron wire, 

(2) What quantities of 32 per cent hydrochloric acid and iron wire are 
necessary to use in preparing 100 parts of absolute ferrous chloride. ,,,1,. 
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(3) What materials and what quantities of them, ma; be Qsed in prepar- 
ing 100 parts of ferrous phosphate^' 

In practice allowance must be made for the facts that the iron wire will 
not be quite pure, and that a considerable excess of the hydrochloric acid 
would be necessary to the complete eolution of the iron. Abo that some 
excess of the phosphate would be necessary to the full precipitation of the 
iron. Irrespective of impurities, oxidation product and excess, the re- 
quired quantities are found by the combining weights as follows: 

{S6/T2.9 ^ 100/x = parts of absolute HCl for 100 parte of iron wire. 
32/100 ^ z/y = parts of 32 per cent HOI for 100 parts of tron wire. 
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i 126.9/72.9 = 100/x 
32/100 = x/7 = parts o 
126.9/56 = lOO/a = part 



B of 32 per cent HCl for 100 parts of r«C1, , absolute. 
= partB of iron wire for 100 parts of FaCl,. 

f 152/72.9 = 100/x 
32/100 = x/y = parts of 32 per cent HCl for 100 parts of FaHPO., 
152/56 = 100/z = parts of metalUc iron for 100 parts of PaHFO.. 
152/358.1 = 100/a = parts of Na,HF0„12H,0 for 100 parte of TaHFO,. 

Practice in reducing the combinin;^ numberB of the terms in an equation 
to simple parts by weight, is a very instructive exercise, even in the early 
part of qualitative chemistry. It enforces correct and clear ideas of the 
significance of formula? and equations, and refers all chemical expressions 
to the facts of quantitative work. 

§41, The chief requirement in qualitative practice is an experimental 
acquaintance with the chemical relations of substances, rather than the 
identification of one after the other by routine methods. The acids and 
bases, the oxidizing and reducing agents, are all linked together in a net- 
work of relations, and the ability to identify one, as it may be presented in 
any combination or mixture, depends upon acquaintance with the entire 
fraternity. 

§42. The full text of the book, rather than the analytical tables, should 
be taken as the guide in qualitative operations, especially in those upon 
known material. The tabular pomparisons are commended to attention, 
especially for review. In actual analysis, the tables serve mainly as an 
index to the body of the work. 

SOUTTIOK AMD IONIZ.\TION. 

§43. The Theory of Electrolytic Dissociation, proposed by Arrhenius in 
IRSr (Z. phjg. Ch., 1887, 1, 031), assumes that salts, acids, and bases in 
water solution are present not as the intact molecule but split up into 
certain components, and that the characteri.stics of the dissolved substance 
result very largely from the extent to which this breaking down of the 



§43. HOU'TIOX A.VD lOyiZATWH. 21 

molecule has taken place. The facts upon which the theory is haped are 
in a word (he parallelism between osmotic pressure,* electric conihictivity, 
and chemical activity of siibfliinces in solution. 

The gas-laws (lloyle's, Oay-Lnssac's. Henry's, and Dalton's) are found 
to hold for dissolved substances, osmotic j)ressure being aubstitnted for 
jfas-pressure (van "t Hoff, Z. phtjs. Ch., lSfi7, 1, 481). Avogadro's Hypoth- 
esis is therefore applicable to solutions as well as to gases, and ub abnormal 
gas-pressure points to dissociation in. the ga^ (NH,CI, PCI,) so excessive 
osmotic pressure is taken as indicating dissociation of the dissolved sub- 
stance. The osmotic pressure is a measure of this dissociation. 

Faraday gave the name ioim to the comiwnents of a substance conducting 
the electric current in solution. It is an observed fact that transmission 
of the current by a solution is always accompanied by movement of the 
ions in opposite directions (Hittorf, Pogg. 18.")3, 88, 177). This is ([uite 
independent of any separations taking place at the electrodes. From this 
it is concluded that the ions carry the electricity from one pole to the 
other through the solution. Tf the ions are the carriers of electricity then 
the power of a solution to conduct the current will be in proportion to their 
number, that is, to the extent of dissociation of the dissolved substance. 
And experiment shows that the dissociation calculated from the osmotic 
pressure is identical with the dissociation calculated from the electric 
conductivity. 

Further, if in anah'sis of a substance in ."ohition we are dealing not with 
the substance in its integrity but with certain ions, then our ordinary 
■ analytiial reactions are reactions of the ions, and we may e.xpect that where 
the substance for some reason is transformed from the ionized condition 
to the undivided molecule those reactions will fail. Here again the chemi- 
cal activity will be proportional to the number of ions; and experiment 
shows that unquestioned quantitative parallelism exists, to take the case 
of acids, between (1) the characteristic acid activity—the dissolving of 
metals, the influence as catalyzer on such changes as the inversion of cane- 
sugar and the saponification of esters; (2) the extent of dissociation as 
indicated by osmotic pressure, and (3) the extent of dissociation as indicated 
by electric conductivity. The same parallelism holds for other bodies in 
solution. The very active acids and bases and the neutral salts undergo 
^wido dissociation in water solution, while weak acids and bases retain 
nimost entirely tbe non -dissociated condition. 

The Electrolytic Dissociation Theory in its assumption of a separation 

• Tba presiure by virtue ot wh[cb a soluble subatAoce Id contact with the Bolvcnt. as comtuon 
anlt In water, if eoableil to rise agaiatt the force of Bra-i'ltr and distribute Itself unirormly 
tbiougibout the Milvent. Just u a vasby virtue of the ess-pressure occupies the entire cpiroBt 
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into iona groups together and gives system and meaning to these three 
classes of facts, experimentally absolutely independent and up to Arrhenius' 
time without any suspected relationship. In each case the results calculated 
on the assumption of such a dissociation are in quantitative agreement with 
those obtained by measurement. 

Corresponding in actual experience to the view that the common analyti- 
cal reactions are due to the ions rather than to the molecule as a whole, is 
the analyst's practice of testing for acid radicle or basic radicle without 
regard to the other component; and on the other hand, to take a specitiG 
case, the fact that the sulphur in HjS does not give the same precipitation 
reactions as that in E,S or EiSO^ or E,SO, or HaS,0, . Further, HgCl, in 
its chemical behavior is unlike other mercuric saHs and unlike other 
chlorides. The mercury is not readily precipitated by alkali hydroxides 
nor is the chloride readily precipitated by silver salts. In agreement with 
this, its conductivity and osmotic pressure are also unlike those of the great 
majority of neutral salts, both pointing to very slight dissociation into the 
ions. CdCl, is another neutral salt anomalous in that its conductivity and 
osmotic pressure are both low. And here also for precipitation of the 
chloride a considerable concentration of the reagent is necessary. Similar 
instances of the parallelism referred to are numberless. 

§44. The Law of Mass-Action embodies the familiar principle that the 
chemical activity of a substance is proportional to its concentration. It 
was first recognized, although imperfectly, by BerthoHet and was given 
mathematical expre^ion by' Guldberg and Waage in 18G7. The latter 
investigators found it to accord well with the observed facts in some cases; 
in others there were wide discrepancies which were later shown by Ar- 
rhenius to disappear when th- concentration, not of the reacting body as a 
whole but only of that part present in the ionized condition, was taken 
into consideration. We must assume that every chemical reaction is rever- 
sible, that is, that none of them proceed until the reacting substances are 
completely transformed. Then by a simple process of reasoning it is found 
that when equilibrium sets in the product obtained by multiplying together 
the concentrations of the reacting substances will ho in a certain definite 
ratio to the product of the concentrations of the substances formed, con- 
centration being defined as the quantity in unit volume.* For example, 
in the reaction indicated by the equation CH,CO,H -|- C^^OH = 
CHgCOgCjHs -|- HgO , when equilibrium sets in ab =:: kcd , in which B and b 
are the concentrations of acid and alcohol respectively, o and d those of 
ester and water, while k is a constant peculiar to the reaction. Where the 

•Ilieimltof qnuitlt; Ii the molacalar weight taken Id sramaftbe"!!!!)!"). Where there Mrs 
18.33gnui»HCIlDa liter either In Kiliitlon or u gu the oonceDtratlon li M, when then axa 
73.93 Knmi in the ome volume the coooentratiOD i« 3, and ao on. 
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reaction ts a dissociation, as with gaseous KH4CI , we have ab = Vo , a and b 
representing the concentrations of HH, and HCl respectively, that of the 
nndecomposed NH^CI , and k* the constant characteristic of this change. 
Dissociation into ions must follow the same laws, and for the electrolytic 
dissociation of acetic acid a similar equation holds, a and b in this case 
standing for concentration of H and acetic ions, for concentration of non- 
, dissociated acetic acid, while the constant is one governing only this par- 
ticular dissociation. It is apparent from each of these equations that, if 
we add one of the products of the reaction and thus increase its concentra- 
tion, the concentration of the other product must decrease in the same 
proportion — the extent of the reaction will be decreased; while, on the 
other hand, removing either or both of the products will tend to make the 
transformation complete. This deduction is of great significance. In 
making ethyl acetate from the acid and alcohol, in order to use the materials 
as completely ae possible, the ester is distilled off as rapidly as produced 
while the water is taken up by some absorbent. Introducing gaseous NH, 
or ECI diminishes the dissociation of irH4Cl by heat, and similarly adding 
either H tons or acetic ions will diminish the dissociation of acetic acid. 
Acetic acid is much weakened by the presence of a neutral acetate. A 
ferrous solution moderately acidified with acetic acid gives no precipitate 
on saturation' with HjS , but on addition of sodium acetate the black FeS 
is brought down. Similarly a weak base, as KH,Ofi , is made still less 
effective by the presence of its strongly-dissociated neutral salt, as KH,C1. 
Quantitative agreement is obtained between observed effect of 1I1S,C1 on 
Mil,OH as saponifjing agent and that calculated from the equation: 
*NH, • *0H' ^ """hH.OH {Arrhenius, Z. phy^ Ch., 1887, 1, 110). 

§45. The Sohihilih/-Prodvrt.~Tn the saturated solution which always 
remains after prc-cipitation we have the usual dissociation equilibrium, as: 
"Air'^Cl' "akCI- ■^"" ^^^ quantity of non-dissociated substance in 
a saturated solution is invariable and the right side of this equation is 
therefore constant. That is, in saturated solution the product of the con- 
centrations of the ions is always the same for a given substance (Nernat). 
This Ostwald has called the Solubility-Product. Where the saturated solu- 
tion is made by bringing the salt into contact with the solvent ^^ • ~ "ny - 
From such a solution precipitation will take place on addition of either a 
silver salt or a chloride, for such addition largely increases the concentration 
of one ion and, to restore equilibrium, the concentration of the other ion 
must decrease in the same proportion, which is possible only by precipita- 
tion. From this follows the old empirical rule to add an excess of the 
reagent in making a precipitation. Experiments on this point give quanti- 
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tative agreement with the thoory (Xcmst, Z. phys. Ch., 1889, 4, 372; 
Nojes, Z. phys. Ch., 1890, 6, 241 ;']892, 9, (iOH). 

The Solubility-Product of the alkaline-earth carbonates is 
H •• nn » - In the solution of a neutral salt, as CaCl^ , Ca ions are 

present in large concentration. When a substance containing CO, ions in 
large concentration is added, as HajCO, , the solubility-product is exceeded 
and precipitation takes place. Carbonic acid, however, is shown bv con- 
ductivity and osmotic pressure measurements to be but slightly disso- 
ciated, that is, it contains few CO, ions, and in accord with this is the 
familiar fact that the alkaline earths are not precipitated by carbonic acid. 
Similarly the fixed alkali hydroxides, strongly dissociated, will precipitate 
alkaline-earth hydroxides, while ammonium hydroxide, shown by other 
measurements to contain but few hydroxyl ions, will not. 

For the metallic sulphides the Holubility-pro<luct is K " S" 
The alkali sulphides as normal salts contain the S ion in large concentra- 
tion and so produce precipitation even of the more soluble sulphides of 
the Iron and Zinc Uromw. The slightly dissociated H.S contains sufficient 
S ions to reach the soluhility-]>roduct of the sulphides. of the Silver, Tin, 
an<l TopiKir (iroups, but not enough to attain to the larger solubility- 
product of the Iron and Zinc Group sulphides. A strong acid, as HCl . 
containing as it does H ions, one of the dissociation products of HjS , drives 
back the dissociation of the H,S, so decreasing the concentration of the 
S ions and making precipitation of the sulphide more difficult. 

For the application of the dissociation theory to the details of analytical 
work we are indebted chiefly to Ostwald. See his " Scientific Foundations 
of Analytical Chemistry " and " Outlines of General Chemistry." 

Order of Laboratory SxtmY. 
§48. The following is a suggestive outline to be modified by the teacher 
to suit the ability of the students, and tlic amount of time to be given to 
the study: 

a. A review of chemical notation and the writing of salts. 

b. A study of the action of the Fixed Alkalia upon polutions of the salts 
of the metals in the order of their groupings; including the action of an 
excess of the reagent. The fact of the reaction should lie stated; f. g., 
lead acetate -f- potassium hydroxide =^ a white precipitate readily soluble in 
excess of the reagent. The text should then be consulted for the products 
of the reaction ((!«). and the reactions expressed in the form of equations: 

2Pb(C=H,0,), + JK0H=Pb.0 (OH),* (white) + 4KC,H,0, -|- H,0 
Pb:0(OH), + 4K0H (es««ess)"= 3K,PbO, -|- 3H,0 
or ■ Pb(C,E.O,),-f- 4KOH (excess) =K,PbO, -I- £KC,H,0,-f2H»0: Oolc 
* It has been fouod helptui to require students to nodenoore til preclpltat«B. 
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The results should all be tabulated and then summarized in form of a 
oiirefully worded generalization (§205, Co). 

c. Action of Ammoninm Hydroxide (volatile alkali) upon Bolutions of 
■ the salts of the metals, etc., as in (fi) above ; e. g., lead nitrate + ammonium 

hydroxide =:: a white precipitate not dissolving in excess. Consult text 
(§57, 6a) and write the equation : 

3Pb(KO,), + 4NB,OH: = 2PbO Pb(NO.). + 4NH,N0, + 2H,0 . 
After the work has been completed in the laboratory and the results 
discussed in the class room, summarize in the form of a generalized state- 
ment (§207, fifl). 

d. A study of the action of the Fixed Alkali Carboufttet, and generaliza- 
tion of the results (S205, (ifl). 

e. A study of the action of Ammonium Carbonate. Summarize the re- 
sults (§207, 6a), 

f. A study of the solvent action of acids, HCl , HHO, , and 'E.^^ , upon 
the Hydroxides and Carbonates obtained by precipitation. 

g. Action of Hydrosulphnric Acid as a precipitating agent upon salts of 
the metals in neutral and iifid solutions. 

h. The use of Ammonium Sulphide as a reagent. 

t. The solvent action of acids, HCl , HITO:,, and HC^HgO, , upon the 
sulphides obtained by precipitation. 

;. Action of Hydrochloric Acid and Soluble Chloridea. 
Action of Hydrobromio Acid and Soluble Bromides. 
Action of Hydriodic Acid and Soluble Iodides. 

ii;. Precipitation by Soluble Sulphates, Phosphates, and Oxalates. 

I. The solvent action of Hydrochloric and Aoetio Acidi upon the TluH* 
phatea obtained by precipitation. 

m. The reverse of certain of the above reactions as illustrating the 
precipitation of Aoida; e. 7., Ammonium oxalate + calcium chloride — a 
white precipitate. Consult the text (§227, 8). and write the equation: 
(iraj,C,0, + CaCl, =:: CaC,0, + SKH.Cl , 

n. Application of the above reactions to the Grouping of the Hetali 
for Analyiig. 

o. A study of the limit of visible precipitation with several reagents 
upon a particular metal, or upon a number of metals. 

p. A study of the analysis of the individual metals and acids ; combining 
tbem, and effecting their separation and detection. The new work of 
each day to be followed by the analysis of " unknown " mixtures prepared 
by the teacher to illustrate the new work and to give an instructive review 
of the preceding work. The order of the study of the metals and acidl 
may be varied greatly. In no case should the metals of a whole group be 
studied without considering the relations to the other groups, , 
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q. The study in the clasB room of Oxidation and Bednotlon, with work 
In the lahoratory to illuatrate. 

r. The study of problems in Synthnii involving analytical separations, 
accompanied by laboratory experiments. 

g. The analysb of a series of Dry " TTnknown " Xiztnrw. 

t. A special stndy of the analysis of Fhofphatei, Oxalates, BotatM, 
Silicates, etc., and certain of the Sarer Ketals. 

«. The analysis of mixtures in solution, illustrating Oxidation and 
Kednction. 

r. A study of Eleotrolyni as a means of detection in qualitative analysis. 
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PAST n -THE METALS. 



THE SILVER AND TIN AND COPPER GROUPS. 
(FiBST AKD Second Groupb.) 

§47. The Silver group (first group) includes the metals whose chlorides 
are insoluble in water and which are precipitated from solutions upon the 
addition of hydrochloric acid or soluble chlorides: Pb, Mgf, Ag. 

The Tin and Copper group {second group) includes those metals whose 
snlphidcs are precipitated by hydroBulphuric acid from solutiong acid with 
dilute hydrochloric acid, and whose chlorides (soluble in water for the 
most p»rt) are not precipitated by hydrochloric acid or soluble chlorides. 

Lead* Pb 206.92 Germanium 0« T2.S 

Mercury Hf 200.0 Iridium Ir 193.1 

Silver Ag 107.93 Osmium Oa 191.0 

Arsenic As T5.0 Palladium Pd lOT.O 

Antimooy Sb 120.4 Rhodium Bh 103.0 

Tin Sn 119.0 Ruthenium S.n 101.7 

Gold Au 197.2 Selenium 8e 79.2 

Platinum Pt 

Molybdenum Ko 

Bismuth Bl 

Copper Cu 63.8 

Cadmium Cd 112.4 

§48. Owing to the partial solubility of lead chloride in Mrater, it is never j, 
completely precipitated in the first group; hence it must also be tested 
for in the second group. Monovalent mercury belongs to the firnt group 
and divalent mercury to the second. Silver, then, is the only exclusively 
first-group metal. 

§49. The metals included in theae groups are less strongly eleotro- 
poaitive than those of the other groups. Only bismuth, antimony, tin, 
and molybdenum decompofe water, and these only slowly and at high 
temperatures. The oxides of silver, mercury, gold, platinum, and palla- 
dium are decomposed below a red heat. Copper, lead, and tin tarnish by 

■In this lilt of tlie motaliof ttae Silver. Tin and Copper Oioups tbe mora oommon, tbon In 
tba flnt colnmn. are arraneed In tbe nnler of their dlwiDBBlon and gepantlon In ■nalTSia. The 
lare inetali are ananKod In alphabetlo order, but ar« dlMOMed In order of tbeir re 
■gatllM. 
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oxidation in the air. In general, these metals do not diesolve in adda 
with evolution of hydrogen, or do so with difficulty. Nitric acid is the 
best solvent for all, except antimony and tin, which are rapidly oxidized 
by it. Concerning the separation and detection of the metals of these 
groups by electrolysis, see Schniucker, Z. anorg., 1894, 5, 199, and Cohen, 
J.,Soc.lnil, leni, 10, 3^7. 

J §50. Jlcniiry, arsenic, antimony, and tin form, each two stable classes 
of salts. Therefore, the lower o.xides, chlorides, etc., of these metals aet_ 
as reducinfr uffents: and Iheir higher oxides, chlorides, etc., as oxidizing 
agents, each to the extent of its chemical force. Arsenic, antimony, tin, 
molyWenuni, and several of the rare metals of these groups enter info 
ariiinlous radicles, which form stable salts. Arsenic, selenium and tellu- 
rium are nietallnids rather than metals. Arsenic, antimony, and bismuth 
belong to the Nitrogon Series of Elements. 

§51. A large proportion of the compounds of these metJils are insoluble 
in water. Of the oxides or hydroxides, only the acids of arsenic an- 
Foluble in water. The only insoluble chlorides, bromides, and iodides are 
in these groups. The sulphides, carbonalcs, oxalates, phosphates, borates, 
and cyanogen compounds are insoluble. Most of the so-eallcd soluble 
compounds of bismuth, antimony, and tin, and some of those of mercury, 
dissolve only in acidutaled water, being decomposed by pure water, with 
fonnation of insoluble h:isic salts. 

§52. Among the many soluble double salts of the metals of these groups 
are especially to be mcntloni'd the double iodides with KI and the iodides 
of Pb, Hg, Ag, Bi and Cd . i'latinum forms a large number of stable 
double chlorides, soluble and insoluble: and gold forms double chlorides, 
cyanides, etc. 

§53. The oxides of arsenic act as acid anhydrides and form floluble salts 
with the alkalis; oxides of antimony, tin, mid lead, are soluble in the fixed 
alkalis: oxides of silver, en])])er, and (.idminm. in ammonium hydroxide. 
Metallic lead, like zinc, dissolves in the fixed alkalis with evolution of 
hydrogen. 
^^ §64. Tb<' solubility iif eertnin sul])hides in the alkali sulphides forming 
sulpho salts or double siilj)hidi>>:. separates the metals of the second group 
into two divisions. .1 (tin ffroU]>)— As . Sb , Sn . Ge . An . Ir , Mo , Pt , Se , 
Te, W. and V : sulphides soluble in i/rlhir nmmonium snl phiile : and B 
(copper group)— Hg . Pb , Bi . Cu , Cd , Os . Pd , Rh . and En : sulphides 
not soluble in i/pJloir ninmoniiim xiilpliifle. 

§55. Jlereun', antimony, silver, and gold do not form hydroxides. The 
oxides of gold arc very unstable. 

§58. The metals of these groups are all easily reduced to the metallic 
atate bv icmition on charcoal. Rxcent mercurv and arsenic, which vaporize 

--# 



readUy, and certain rarer metals difficultly fiisiWe, the rtdueed metals melt 
fto metallic grains on the charcoal. 

The 8ii.vEn Group (First Group). 

Lead, Mercury (Xlercuroaum), Silver. 

§67. Lead (Plunibum) Ph ^ 206.33 . A'alenc-e two and four. 

1. Troptxtiaa.—ti iiecific yrarity. ll.a? (Reich, J. pr., 1839, 78. 32H). Helling point, 
327.69" (Callendar and Griffiths, 0. A'., 1891, 63, a). It beginn to vaporize at a 
red hent an<l boils at a white heat. Vaporization la said to take place at 360' 
(Demarcay. C. r.. 18H2. 96. is:!). It can be distilled in vacuo (Schiiller. B., isa.1, 
le. 1312). 

I'ure lead in almoiit white, soft, malleable, verj' flligbtly dnctile, tHrnishes in 
the air from formation of a film of oxide. The presence of traces of moKt of 
the other metals inakeH the lead sensibly harder. It is a poor conductor of heat 
and electricity. It fomiH allovB with most metals: lead and tin in vnrionn pro- 
portions form solder and i>ewter: lead and arsenic form shot metal; lead and 
antimony, type metal; [end, bismuth, tin and silver form n fusible alloy melting 
Bs low !is 45°: bell metal consi^:ts of tin, copper, lead and zinc. 

2. Occurrence. — It is rarely found native (Chapman. Phil. Mag., lafiG, (4), 31, 
17(1): its most abundant ore is galena, PbS; it also occurs ns cerussite. PhtX), : 
snglesite, PbSO,: pyromorphite, :iPb.P,0. + PbCL: krokoite. PbCrO.; and 
also in many minerals .in combination with arsenic, antimon}-, etc. The 
United States produces more lead than any other country. Spain produces 
about one-fourth the world's supply. 

3. Preparation. — T'rom galena (ii) It is roasted in the air, forming variable 
quantities of PbSO, , PbO , and PbS ; then the air is excluded and the tempera- 
ture raised, and the sulphur of the sulphide reduces both the PbO and the 
PbSO, , 80, bei ng formed : PbSO. 4- PbS = 2Pb -t- 2S0, . aPbO -}- PbS = 3Pb + 
SOj . (6) Similar to the first except that some form of carbon is used to aid 
in the reduction, (c) It is reduced by fusing with metallic iron: PbS -|- Fe = 
Pb -I- PeS. Frequently these methods are combined or varied according to 
the olher ingre<lientB of the ore. 

4. Oxldee.— Lead forms four oxides, Pb-O , PbO. PbO,, and Pb,0, , Lend 
»ulM>j-i<lf (Pb,0) is little known: it is the black jxjwder formed when PbC.O, in 
heated to 31)0°, air being excluded. i.eii<l iij-iilr (litharge, or massicot) is fcirmed 
by intenselv igniting in the air Pb . Pb,0 , PbO, , Pb,0. . Pb(OH), . PbCO. , 
PbC,0. , or Pb(NO,,). . It has ii yellowish-white color, melts at a red heal, and 
is volatile at a white hent. 

Trllniil trlnij'ide (red lead or minium). Pb,0. , is formed by heating PbO 
to a dnll-rcd heat with full nccess of air for several honrs. Strong, non-reduc- 
ing acids, such as HNO, . H.SO, , HCIO, . etc.. convert it into a lend salt and 
PbO, («). But concentrated hot.H.SO, converts the whole into PbSO, , oxygen 
being evolved (6). But with the dilute acid and reducing agents, such as 
C.H.(OH)., O.H,,0,..H=C.;0. , H,C.S,0. . Zn , Al , Cd . Mg, Aa , Pb, etc., 
ft is all reduced to the difiit leiiii without evolution of owgen (r). (il). and (e). 
Hydracids usually redin-e the lend and are themselves ox-'idined U). 
(a) Pb.O, -f 2H,S0, (dilute) = PI>0, -|- aPbSO. -|- 3H,0 
(6) SPb.O. + 6H,S0, (concentrated and hot) = fiPbSO, -|- r.H.O + 0, 
(0) Pb,0. -f- H,C,0. -f- fiHSrO. = :iPb(NO.), -|- 4H,0 + 200, 

(d) 10Pb,0, -I- As. -t- 30H,SO. = iiOPbSO. + 4HjAb0, + 24H,0 

(e) Pb,0. -I- Zn -f 4H,S0, — 3PbS0. -1- ZnSO. + 4H,0 
(0 rb.O, + BHCl = 3PbCl, + CL + 4H,0 

The cwlCTtPP of Pb,0. is best explained by the theory that tt is a union ol tha 
dyad and tetrad (Pb" and Pbiv) , Pb,0. = aPbO -|- Pbn-O, . , - i 

LgUcJ.,CjOOglC 



30 LBAD. gS7, 6a. 

Lead dioaiie or pervriie, PbO, , Ig formed: <l) by furion of FbO with KCIO, 
or XXrO, ; (S) by fusing^ Pb.O, with KOH : (3) by treating any compound of 
Fb" with CI , Br , K,re(CV), , KMnO, , or H,0, In preeeuce of KOH; (4) by 
treating Pb,0, with non-reducing' acids: 

Pb.O. + 4HH0, = PbO. + 2Pb(N0,), + 2H,0. 
Ignition formB first Pb.Oi and above a red heat FbO, oxygen being given ofF. 
It diHsolves in acida on aame conditiona aa Pb,0, . Very strong solution of 
potaaaium hydroxide, in large excess, diaaolves it, with formation of " potasainm 
plnmbate," KiFbO, , Lead dioxide is a powerful oxidizing agent, one of the 
Btrongeet known, Digested with ammonium hydroxide, it forma lead nitrate 
and water. Triturated with one-aixth of aulphur, or tartaric acid, or sugar, 
it takea fire; with phosphorus, it detonates. 

5. SolnblUtlea. — n. — Met"K — Nitric acid is the proper solvent for metallic lead, 
the lead nitrate formed is readily soluble in water but insoluble in concentrated 
nitric acid*; hence if the concentrated acid be used to dissolve the lead, a 
white reaidue of lead nitrate will be left which dissolves on the addition of 
water. Dilute sulphuric acid is without action, the concentrated acid is almost 
without action in the cold (Calvert and Johnson, J. C. 1863, 16, 66), but the hot 
concentrated acid slowly changes the metal to the sulphate with evolution of 
aulphur dioxide, a portion of the salt being dissolved in the acid, precipitating 
on the addition of water. Hydrochloric acid very slowly dissolvea the metal 
(more rapidly when wanned), evolving hydrogen; the chloride formed dissolvea 
in the acid in quantities depending upon conditions of temperature and con- 
centration (c). The halogens readily attack the metal forming the correspond- 
ing haloid salts. Alloys of lead are best dissolved by first treating with nitric 
acid, if a white residue is left it is washed with water and. if not dissolved, it 
is then treated with hydrochloric acid, in which it will usually be soluble. 

Water used for drinking or cooking purposes should not be allowed to stand 
in lead pipes. Pure water free from air is without action upon pure lead, but 
water containing air and carbon dioxide very slowly attacks lead, forming the 
hydroxide and basic carbonate. This action is promoted by the presence of 
salts, as ammonium nitrate, nitrite, chloride, etc.; the action seems to be 
hindered by the presence of aulphates. 

6.— OiJdrg.— Lead oxide, litharge, PbO, and the hjdroxldea, aPbO.H.O; 
3PbO.H,0, are readily disnolved or tr^insposed by ncids forming the correspond- 
ing salts, i.e., PbO + H,SO. = PbBO. -f- H,0 . The oxide and hydroxide are 
soluble in about 7000 parts of water, to which they impart nn alkaline reaction. 
They are soluble in the fixed alkalia forming plumbites; soluble in certain salts 
aa NH.C1, CaCl, . and SrCl, (Andrf. C. r., isa3, 96. 4:15; 1887, 104, 359); very 
soluble in lead acetate, forming basic lead acetate. 

Iiaad dioxide, PbO, , Irad peroridc Ib Insohilile In water or nitric acid: it ia 
disaolvecl bv the halogen hydracids with liberation of the halogen and reduction 
of the lead forming a dyad Kalt: PbO, -|- JHOl = PbCl, -|- CI, -|- 2H,0: it is 
attacked by hot concentrated sulphuric acid, forming the sulphate and lil>erat- 
ing oxygen: it in ctnliilile iti glacial acetic acid forming Pb(C,HiO,), , unstable 
(IIutcliinHon and Pollard, J. C. ISafi, 69, 212). Some of the salts of the tetrad 
lead seem to be formed when the peroxide is treated with certain acids in the 
cold. Thev are. however, very unstable, being decomposed to the dyad salt 
upon warming (Fischer, J. C, 1S7B, 35, 282; Kickels, A. Tft.. 1867, (4), 10, 328). 
The peroxide is slowlv soluble in the fixed alkali hydroxides forming plum- 
bates, f. c, PbO, -I- 3K0H = K,PbO, + M,0 . 

Trllead tetroxida, Pb,0, , red lead, mlvluin, is insoluble in water, is at- 
tacked by nearly all acids in the cold forming the corresponding dyad lead 
salt and 'lead peroxide, PbO, . Upon further treatment with the acida using 
heat the lead peroxide is decohiposed as described above. The presence of 
many reducing agents, aa alcohol, oxalic acid, hydrogen peroxide, etc,, greatly 
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fmcllitatea the Bolntlon of red lead or lead peroxide in adde, 1. e., nitric acid 
does not dissolve lead peroxide, but if a few drops of alcohol be added the 
solution is readily obtained upon wanning;, leaving' the lead as the soluble 
nitrate, which greatly facilitates the further aualyaia. 

e. — Baits. — The carbonate, borate, cyanide, ferrocyanide, phosphate, buI- 
phide, sulphite, iodate, chromate, and tannate are insoluble in water. 
The sulphate is soluble in about 21,000 parts of water at 18° (Kohlrausch 
and Hose, Z. phys. Ch., 1893, 12, 241), the presence of HHOj or HCl in- 
creases its solubility in water; it is insoluble in alcohol even when quite 
dilute; sparingly soluble in concentrated H,804 , from which solution it is 
precipitated by the addition of water or alcohol; less soluble in dilute HjSO^ 
&an in water; soluble in 683 parts 10 per cent HCl, in 35 parts 31.5 per 
cent (Eodwell, J. C, 1863, 16, 59); transposed and dissolved by excess of 
HCl, HBr, or HI forming the corresponding haloid salt; insoluble in 
HF {Ditte, A. Ch., 1878, (5), 14, 190); soluble in ammonium sulphate, 
nitrate, acetate, tartrate and citrate, and from these solutions not readily 
precipitated by ammonium hydroxide or sulphate (Fleischer, J. C, 1876, 
89, 190; Woehler, A., 1840, S4, 235). The sulphate is almost completely 
transposed to the nitrate by standing several days with cold concentrated 
nitric acid (Rodwell, /. c). The oxalate is sparingly soluble in water, insol- 
uble in alcohol; the ferricyanide is very slightly soluble in cold water, more 
soluble in hot water; the chloride is soluble in 85 parts water at 20° and in 
32 parts at 80*' (Ditte, C. r., 1881, 92, 718); the bromide is soluble in ICC 
parts water at 10°, in about 45 parts at 80° ; the iodide is soluble in 1235 
parts water at ordinary temperature, and in 194 parts at 100° (Denot, J. 
pr., 1834, 1, 425). The chloride is less soluble in dilute HCl or H.^SO, than 
in water, but is more soluble in the concentrated acids {Ditte, I. c.) ; HHO, 
increases the solubility of the chloride more and more as the HHO, is 
stronger. The chloride is less soluble in a solution of NaCl than in water 
(Field, J. C, 1873, 26, 575) ; soluble in HH,C1 —90 grama dissolving In SiT) 
grama NHjCl with 200 ce. water (Andr4, C. r, 1893. 96, 43.5). The chloride. 
bromide, and iodide arc insoluble in alcohol. The iodide is moderately 
soluble in solutions of alkali iodides; it is decomposed by ether. The 
basic acetates are permanently soluble if carbonic acid is strictly excluded. 
The basic nitrates are but slightly soluble in water, and are precipitated 
on adding solutions of KHO^ to a solution of basic lead acetate. 

The relative insolubility of PbClj in cold water or in dilute HCl makes 
it possible to precipitate the moat of the lead (by means of HCl) from 
fiolutiona containing also the other metals of the Silver Qrmtp; while its 
fiolnbility in hot water is the means of its separation from the other 
chlorides of that groap (§61). The lead is separated and identified in 
the Becond group as the insoluble sulphate. (§96). 

, ..Google 
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(!. Beactions. a. — Fixed alkali hydroxides precipitate, from solutions of 
lead aalts, baste lead hydroxide (I), Pb,0(OH)j (Schaffner, A., 1844, 61, i:">), 
white, sohiblo * in excess of the reagent as plumbite (2) (distinction from 
silver, mercury, bismuth, copper, and cadmium). The normal lead hy- 
droxide, Pb(OH). , may he formed by adding a solution of a lead salt to 
a solution of n fixed alkali hydroxide. 

(1) 2Pb(N0,), + -IKOH = Pb,0(OH), + 4KN0, + H,0 

(2) Pb,O(0H), + iKOH = SK,PbO, + :iH,0 . 

Ammaniam hydroxide precipitates white basic ealte, insoluble in water 
and in excess of Ihi' rengcut (distinction from sliver, copper, and cad- 
mium): with the chloride the precipitate, insoluble in water, is 
PbCli.PbO.H.O (Wood and Bordeu, C. A\, 1885, 52, 43); with the nitrate 
2PbO.Pb(H'03), (D., 2, 2, 558). With the acetate> in solutions of ordinary 
strength, excess of ammonium hydroxide (free from carbonate) gives no 
])reeipitatc. the soluble tribasic acetate being formed. 

Alkali carbonates precipitate lead basic carbonate, while, the composition 
varying with the conditions of precipitation. With excess of the reagent 
and in hoi concentrated solutions the precipitate consists chiefly of 
Pb.,(OH)j,(CO:,)i, . Precipitation in the cold approaches more nearly to the 
normal carbonate (I^fort. Pharm. J., 188:>, (3), 15, 2(t)- Solutions of lead 
sails when boiled with freshly precipitated barium carbonate are com- 
pletely pm'ipitated. Carbon dioxide precipitates the basic acetate but 
not completely. 

ft.— Oxalic acid and alkali oxalates precipitate load oxalate, PbCjO,, icfci/*-, 
from solutions of lead t-alts, soliiiilc in nitric acid, insoluble in acetic acid. 
A solution of lead acetate precipitates a large number — and a solution of 
lead snbacetate a still larger number — of organic acids, color substances, 
resins, gums, and neutral principles. Indeed it is a rule, with few excep- 
tions, that lead subacetate removes organic acids (not formic, acetic, 
butyric, valeric, or lactic). Tannic acid precipitates solutions of lead 
acetate, and of the nitrate incompletely, as yellow-gray load tannate, 
soluble in acids. 

Soluble cyanidM precipitate lead cj/imMc Pb(CN): , white. spnrinRl.v soluble 
in n iurKf excess of the reaffent and reprecipilatetl on boilins'- PotaRsiuDi ft-rro- 
cymiirte precipitates lead fprrocyanide. Pb,Fe(CN), , white, insoluble in water 
n'r (lihite acids. I'otassiuin ferric vaiiide precipitales from sohitions not too 
dilute lead ferHcvanide. Pb,(Fe(CH),), , white, sparingly soluble in water, 
soluble in nitric ac-id. Solutions of lead salts ore precipitated by potassium 
Hiilphocj-anate as lead sulphooyanate. Pb(CNB), , white, soluble in excess of the 
reas-'ent and in nitric acid. 

r.— Lead nitrate is readily soluble in water, and dissolves the oxide to form 
the basic nitrate, which may also be formed by precipitating lead acetate with 

le In the flxed olk»U liydroxldcB. Pl>8 forming almiMt 
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potiiBsium nitrate. The solubility of lead nitrate le greatly inereased by the 
presence of the nitrates of the alkaliB and of the ulkalioe earths, a complex 
compound being formed (Le Blane and Noyes, Z. phys. Cft., lauu, 6, J»j). 

4j._The higher oxides of lead are all redueetl by hiniophoKphurvav acid, lead 
phosphate being formed. Lead phosphite, PbHPO, , white, is formed by 
nearly neutralizing phosphoroua acid with lead etirl>onute or precipitating 
Ha,HFO, with Pb(NO,), (Amat, f. >:. 1B90, 110, yoi). Sodium phosphate. 
Ka,HFO, , precipitates from solutions of lead acetate the trlbanir k-ud phmipliiitv. 
Pb.(PO,),. white, insoluble in the acetic acid which in set free (/>., 2. 2, r.ii:i): 
3Pb(0,H,0,), + 2Na,HP0. =: Pb,(PO,), + 4iraC,H,0, + 3HC.H.0,. The same 
precipitate is formed when sodium phosphate is ndiled to lead nitrate, siiliible 
In nitric acid, insoluble in acetic acid. Lead phosphate Ih also precipitated 
upon the addition of phosphoric acid to solutions of lead :icetnte or lead nitrate. 
The pyrophonphaiF, Pd,P,0, , white, amorphous, is formed by precipitating it 
lead solution with Na,F,0; , soluble in excess of the precipitant, in nitric acid, 
and in potassium hydroxide: insoluble in ammonium hydroxide and in acetic 
acid (Gerhnrdt, A. Ch., 1H49. (3). 26. 305). The metaphosphate. Pb(PO,), , 
white, crystalline. Is obtained by the action of NaPO. upon Pb(HO,), in excess. 

P. — HydroflnlphTirio acid and thi' soluble salphides precipitate — front 
neutral, acid, or alkaline solutions of lead e&lts— lead nulpkide, PbS, 
brownish black, insoluble in dilute aeids, in alkali hydroxides, carbonates, 
or sulphides. Fre.-^hly precipitated CdS, MnS, FeS, CoS, and HiS also 
pive the same precipitate. Hydrosulphuric acid and the soluble sulphides 
transpose all freshly precipitated lead salts to lead sulphide,* ■M^de^- 
atfly dilute nitric acid — 15 to 20 per ecnt— dissolves lead sulphide witlt- 
separation of sulphur (1), some of the sulphur, especially if the nitric acid 
be concentrated, is oxidized to sulphuric acid, which precipitates a portion 
of the lead (2), unless the nitric aeid he sufficiently concentrated to hold 
that amount of lead sulphate in solution. The oxidation of sulphur always 
occurs when nitric acid acts upon sulphides, and in degree proportional 
to the strength of acid, temperature, and duration of contact. 

(/) 6PbS + leHWO, = fiPb(lIO,), + 38, + 4H0 + RH,0 

(2) 3Pb8 + SHHO, = 3P1)80, + BNO + 4H,0 

In solutions too strongly acidulated, especially with hydrochloric acid. 
either no precipitation takes place, or a brick-red double salt, Pb.SCL . 

* ThB condition toreiiuflibrluia is that a certain ratio of cODcentratlua cxiat tietween tho Ions. 
In the case of FbSO, between tho 8 iuns aai the SO, tons. Tliese coacentrntlons arc tbe xame 
M those ia a SQlutlon obtatnod by dJRnstln(c the two salts, PbSO, an<l Pba. loifpthec In water. 
PbBO. dissolves more freely thaa PbS. and for equilibrium therefore '^^ .. must he corres- 
pondingly greater than *g„. But addinK H,S or a soluble nulplilde to PbSO, gives Just tho 
opposite of this condition, and tiransformatlon aceordingly rcsiili!!. iiiercaaloB the BO," uoo- 
conimtlon by formation nt soluble nulphote and deiTeaelnR the a" ronipntmtlon by rrectpltu- 
tlon of PbS. until tho cquUibrlum-mtio is produced or, if the quantity of PbSO, present ia iD- 
■utHcicntforthls, until nil tho PbSO.hus been tniiisl'urmcd to sulphide. On tlio other hand, 
treatment of PbS wlcli a very large oxcoflsot H,80, will cause the reverse action. S Ions (foing- 
Into solution until tbe same equilibrium results as iHsfore. 

Tbe^Deial prlaciplo is then that utiIcbs a coDStlluent of the more soluble eulistance I8 In 
great., preponderance In the solution tho Icnst soluble of two or more possible products vHI 
Blwaysbe formed. This prinolple determioea the direction In which a reaction takes plaoe; 
A«CI + Kl = \gl + KCl , CmM>. + l(H.CO, = CmCO. + Na.SO. H**l. ^ |^~ 
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is formed, the precipitation being incomplete. In neutral BOlutions con- 
taining 100,000 parte of water lead is rerealed ae the sulphide; a test 
which is much more delicate than the formation of the sulphate. 

Ferric chloride decomposes lead sulphide, forming lead chloride, ferrous 
chloride and sulphur. The reaction takes place in the cold and rapidly when 
warmed (Gabba, C. C, 1889, 667). 

When galena. PbS , Is pulverized with fused KHSO, , H,& is evolved (Jan- 
nettaz, J. C, 1874, 27, 188). 

Lfad tbIoButfthale, FbS,0, , white, is precipitated by adding SQdlum thtoBnl- 
phate to solutions of lead salts; the precipitate is resdlly dissolved in an excess 
of the reagent, forming the double salt, FbS,0, ,2^0,8,0, (Lenz, A., IBll, 40, 
04); on boiling, all the lead is slowly precipitated as sulphide (Vohl, A.. 18S5, 

Sodium sulphite precipitates lead sulphite, FhSO, , white, less soluble in 
water than the sulphate, slightly soluble in sulphurous acid; decomposed 

by sulphuric, nitric, hydrochloric, and hydrosulphuric acids and by alkali 
sulphides; not decomposed by cold phosphoric and acetic acids. 

Sulphurio acid and soluble snlphatea precipitate from neutral or acid 
solutions, lead sulphate, FbSO, , white, not readily changed or permanently 
dissolved by acids, except hydrosulphuric acid, yet slightly soluble in 
strong acids (5c). Soluble in the fi.xod alkalis and in most ammonium 
salts, especially the acetate, tartrate, and citrate (Woehler, A., 1840, 34, 
235). Soluble in warm sodium thiosulphate solution, in hot solution 
decomposed, lead sulphide, inKoIublo in thiosulphate, being formed {dis- 
tinction and separation from barium sulphate, which does not dissolve in 
thiosulphates). 

The test for lead as a wulphiitc is from five to ten times le?s delicate 
than that with hydrosulphuric acid: but load is guaiifiteiliirhi separated 
as a sulphate, by prccipitatinii witii fJiilphuric acid in the presence of 
alcohol, and washing with alcohol. Whvn heated with pntawsiimi chroniate 
transpoi-itiou takes place and ydlow lead chroinatc is formed (h). Excess 
of potassium iodide transposes lead sulphate (f), a distinction of lead from 
barium. Repeated washing of lead sulphate wiih n solution of sodium 
chloride completely transposes the lead to the chloride (ilatthcv, J. C, 
1879, 36, 124). See footnote on previous page. 

f. — Hfdrocliloric acid and soluble chlorides precipitate, from solutions 
not too dilute, lead chloride, PbClj , white. This reaction constitutes lead 
a member of the STE8T GROUP— as it also is of the second. The solu- 
bility of the precipitate is such (5c) that the filtrate obtained in the cold 
gives marked reactions with hydrosulphuric acid, sulphurio acid, chro- 
tnates, etc.; and that it can be quite accurately separated from silver 
chloride and mercurous chloride by much hot water. Also, small propor- 
tions of lead escape detection in the first group, while its nmoval is 
necessarily accomplished in the second group. 
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Hydro1)romio acid and soluble bromides precipitate lead bromide, FbBrj , 
white, somewhat less Boliible in water than the chloride (5c); soluble in 
excess of concentrated potassium bromide, as 2EBr.FbBr, , which is decom- 
posed and PbBTj precipitated by dilution with water. 

Hydriodic acid and soluble iodides precipitate iead iodide, Fbl, , bright 
yellow and crystalline, much less soluble in water than the chloride or 
bromide (5c); soluble in hot moderately concentrated nitric acid and in 
solution of the fixed alkalis; soluble in excess of the alkali iodides, by 
forming double iodides, EIFblj with small excess of KI , and 4EI.FbI, 
with greater excess of KI ; these double iodides are decomposed by addi- 
tion of water with precipitation of the lead iodide. Lead iodide is not 
precipitated in presence of sodium citrate; alkali acetates also hold it in 
solution to some extent, so that it is less perfectly precipitated from the 
acetate than from the nitrate. Freshly precipitated lead peroxide, PbO, , 
gives free iodine when treated with potassium iodide (Ditte, C. r., 1881, 
93, 64 and 67). 

In detecting lead as an iodide in solutions of the chloride by precipita- 
tion with potassium iodide and recrystailiKation of the yellow precipitate 
from hot water, care must be taken that the potassium iodide be not 
added in excess to form the soluble double iodides. 

g. — ATaeuooa add does not precipitate neutral eolutioiis of lead na\ts; from 
alkaline solutions or with soluble arsenltes a bulky white precipitate of lead 
araenitelB formed, insoluble in water, but readily soluble in nil ncids and in the 
fixed alkali hydroxides. ArsMilc acid and soluble areeiiates precipitate lead 
arsenate, white, from neutral or alkaline solutions of lead salts, soluble in the 
fixed alkali hydroxides and in nitric acid, insoluble in aoetic acid. For the 
composition of the arRenites and arsenates of lead see (D., 2, 2, 565). Hot 
potassium stannite (SnCl, in solution by KOH) gives with lead salts or lead 
hydroxide a black precipitate of metallic lead. 

h. — Chromic acid and eohible chromatea— both KjCrO^ and KjCrjO, — 

precipitate lead chroviate, PbCrO, , yellow, soluble in the fixed alkali 
hydroxides (distinction from bismuth), insoluble in excess of chromic acid 
(distinction from barium), insoluble in ammonium hydro.xide (distinction 
from silver), decomposed by moderately concentrated nitric and hydro- 
chloric acids, insoluble in acetic acid. 

7. ^fnition. — Lead salts when fused in a porcelain crucible with sodium 
carbonate are converted into lead oxide, FbO (a). After fusion and diges- 
tion with warm water, the aqueous solution is tested for acids, and the 
residue for bases after dissolving in nitric or acetic acid. If charcoal (or 
some organic compounds as sugar, tartrates, etc.) be present, metallic lead 
ia formed (6); and with excess of charcoal the acid radicle may also be 
changed (c). If the fusion with sodium carbonate is made on a piece of 
charcoal, inatead of in a crucible, iiaiog the reducing Same of the Jblow- 
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pipe, globules of metallic lead are produced and at the same time the 
charcoal is covered with a yellow incnistatioD of lead oxide, PhO . 
(a) FbCl, + Ha,CO, = 2NrC1 + PbO + 00, 
(6) 2PM0. + 2Na,GO, + C = 2Pb + 3Sa,S0. + 3C0, 
(c) 2PbSO. + 2Na,CO, 4- 5C = 2Pb + 2Ha,S + 7C0, 

8, Detection.— Lead is precipitated, incompletely, from its solutioiiB by 
HCl as PbClj ; separated from AgCl and H^l by hot water, and confirmed 
by H,S , HjSO, , KjCrO, , and KI . It is separated (in the second group) 
from A« , Sb , Sn , etc.. by non-solubility of the sulphide in {NH,),S, ; 
from HgS by ENO, ; from Bi, Cn, and Cd by precipitation with dilute 
sulphuric acid. Insoluble compounds are transposed by an alkali sulphide, 
being then treated as lead in the second group, or they are examined by 
ignition as described in (7). 

9. Estlmatioii. — (o) As an oxide into which it is converted by ignition (if a 
carbonate or nitrate), or by precipitation and subsequent ignition. (6) As a 
sulphate. Ailil to the solution twice its volume of alcohol, precipitate with 
H,BO, . and after washinfj' with alcohol ignite and weigh, (r) It Is converted 
iuto an acetate, or Rodium acetate is added to the solution, then precipitated 
with K,Ct,0, , and after drying at 100°, weighed as PbCrO, , {A) It is con- 
verted into PbS , free sulphur added, and after ignition in hydrogen gas 
weighed as FbS . (e) The lead \s precipitated with standardized sodium iodat^ 
and the excess of iodste is determined by retltration. Lead iodate Is less 
soluble in water than lead sulphate (Cameron. J. C, 1B79, 36. 484). (0 In 
presence of biamuth. ignite the halogen compound, or convert Into a sulphide 
and ignite in a current of bromine. The haloid salts of bismuth sublime upon 
ignition (Steen, Z. angew., 1895, 530). (g) Otu i-otumetrif mf1)m^. Precipitate as 
a chromate, filter, wash and transfer to an nzotometer with dilute sulphuric 
acid and estimate the ajnount of chromium by the volume of oxygen set tree 
by hydrogen peroxide (Baumann, Z. angetc.^ 1H91, 329). 

10. Oxidation. — Metallic lead precipitates the free metals from solutions 
of Hf , A; , An , Pt , Bi , and Cn . I^ad as a dyad is oxidized to the 
tetrad as stated in (4), also clectrolytically in separation from Cn (Nissen- 
son, Z. anijew., 18S3, 646). Pb"' is reduced to Pb° in presence of dilute 
H2SO4 by nascent hydrogen, and bv nil nietols capable of producing nascent 
hydrogen (f^uch as Al , Zn , Sn , Mjf , Fe), and to Pb" by soluble compounds 
of Hg', Sn". Sb'", At'". (AsH, gas), Cu', Fe", Or"', Hn", Hn'", Mn", 
Mn"'. Also by H,C,0, . HKO^ , H,PO, , H,PO, , P , SO, , H,S , HCI , HBr , 
HI, HCN, HCNS, H,Fe(CN), , glycerinp, tiirtaric acid, sugar, urea, and 
very many other organic compounds. In many cases the reduction to 
Pb" or to Pb° takes place in presence of EOH . The freshly precipitated 
peroxide o.^idizes ammonia, NH, , to nitrite and nitrate in the course of a 
few hours (Pollacci, Arrli. Phirm.. 1886, 224, 176). 

From lead solutions Zn, Ug, Al, Co, and Cd precipitate metallic lead. 
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§58. Mewupy (Hydrargyrum) Hg = 300.0 . Valence one and two. 

1. Propartiw.— Spwl/Icffrupl/)/, liquid, 13.5953 (Volkmann, W. A., 1881, 13, 209); 
solid, 14.1933 (Mallet, i'ltw. B. fur.. 1877. 26, 71). MelHnff {freezing) point. —38.85" 
(Mallet, Phil. Mag., 1877, (S), 4, 145). Boiling point. 337.33' at 760 mm. (Bamsay 
and- Young-, J. C. 1885, 47, 657). It is the only metal which is a liquid nt 
ordinary temperatures, white when pure, with a elightly hluiHh tinge, and 
having- a brilliant silvery liiitre. The precipitated or finely divided mercury 
appears as a, dark gray powder. Mercury may be "extinguished" or "dead- 
ened," i.e., reduced to the finely divided state, by shaking with eugar, prease. 
chalk, turpentine, ether, etc. It is slightly volatile even at — 13° (Regnault. 
C. r., 1881, 93, 308); is not oxidised by air or o.iygen at ordinary temperature 
(Shenstone and Cundall, J. C, IHS7. 81. tilQ). The solid metal is composed ot 
f>ctahedral and needle-shaped crystals, is very ductile and is easily cut with a 
knife. Owing to its very strong cohesive property it forms a convex surface- 
TCJtb gloss, etc. It is a good conductor of electricity, and forms amalgams with 
Al, Ba. Bt, Cd, Cs. Ca, Cr , Co, Cu, An, Fe, Pb , Hg, Kn, Ni , Os . 
Pd, Ft, K, Ag. Na. Tl, Sn , and Za . An amalgam containing abont 30 
per cent of copper is used for filling teeth (Dudley, Proc. Am. Amc. for Adr. of 
SH., I88n, i4r.). 

2. Occurrence. — The principal ore of mercury is cinnabar, HgB , red, found in 
California. Illyria, Spain. China, the Ural, and some other localities. The free 
metal is sometiines found in small globules in rocks containing the ore. It ia 
also found amalgamated with gold and silver, and as mercuric iodide and 
mercurous chloride. 

3. Preparation.— (a) The ore is roasted with regulated supply of air: HgS + 
O, = He -t- SO,, (b) Lime is added to the ore, which is then distilled; 
4HgS + -tCaO — 3CaS + CaSO, + 4Hg . (c) The ore is heated with iron 
(smithy scales) : Hg , FeS . and SO, art produced. The mercury is usually con- 
densed in n trough of water. Commercial mercury is freed from dirt and othci- 
impurities by pressing through leather or by p.issing through o cone of writ- 
ing paper having n small hole in the apex. For the separation of mercury 
from small quantities of Pb , Sn , Zn , and Ag without distilling, see BrUhl (li., 
1879, 12, 204), Meyer (B., 1879, 12, 437), and Crafts (Bf., 1888, (2). 49, 856). 

4. Oxides.— Mercury forms two oxides, Hg,0 and HgO . MciTurous OJ-idr,. 
Hg,0 , is a black powder formed by the action of fixed alkoli.s on naercnrous 
Halts. It is converted by gentle heat into Hg and HgO and by a higher (red) 
heat, to Bg and O. JfcrfU-rfc ojirfc. HgO. is made (/) by keeping Hg at its 
boiling point for a month or longer in a flask filled with air; (3) bv heating 
BgMO, or Hg(NO,), with about an equal weight of metallic 'mercury: 
Hg(NO.), + liHg = 4HgO + 2N0: (:i) by precipitating mercuric salts with 
EOH or NaOH . Made by (/) and (3) it is red, by (.)) yellow. On heating it 
changes to Vermillion red, then black, and on cooling regains its original color-. 
A red heat decomposes it completely into Hg and O. Mercury forms no- 
hydroxides. 

5. SolubllitleB.— a.— ifpfaJ.- UnalTected by treatment with alkalis. The most 
effective solvent of mercury is nitric add. It dissolves readllj' in the dilute- 
acid hot or cold: with the strong acid, heat ia soon generated; and with con- 
siderable quantities of material, the action acquires an explosive violence. At 
ordinary temperatures, nitric acid, when applied in excess, produces normal 
mercuric nitrate, but when the mercury is in excess, mercurous nitrate Ik 
formed; in all cases, chiefly nitric oxide gas is generated. Both mercurous and 
mercuric nitrates require a little free nitric acid to hold them' in solution.. 
This free nitric acid gr.idually oxidizes mercurosnm to mercuricum, making a 
clear solution of Hg(NO,), , if there is sufficient HNO, present, otherwise a 
basic mercuric nitrate may precipitate. A solution of mercurous nitrate may 
be kept free from mercuric nitrate by placing some mrtnf/lr mercury in the- 
bottle containing It; still after standing some weeks a basic mercurous nitrate- 
crystallizes out, which a fresh supply of nitric aciij will dissolve. Sulphur- 
attacks mercury even in the barometric vacuum, fomaihg H^ (Schrotter,. 
J. C, 1873, 20, 476). H,SO, concentrated at 2&° has no action oii Hg (Pitman^ 
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jr. Am. 8oe., 1B98, 20, 100). With the hot coDcentrat«d acid SO. is evolved and 
Hg,80. is formed if Hg be in great excess; HgfiO. if the H.SO, be in excess. 
Hydrochloric acid gas at 200° is without action (Bertbelot, A, Ch., 1H50, (3), 46, 
492) ; also the add up. gr., 1.20. Baile; and Fowler (J. C, ISSt), 53, 759) say that 
■dry hydrochloric acid gas in presence of oxygen and mercury, at ordinary tem- 
perature for three weeks, forpis Hg,OCl, without evolution of hydrogen: 
2Hg + 3HC1 + 0, = Hg,OCl,,H,0 . Hydrobromic and hydriodic acids, gases, 
both attack mercury, evolve H , and form respectively HgBr and Hgl (Ber- 
thelot. I.e.). HydroRulphuric acid, dry gas, at !00° does not attack dry Hg 
<Berthelot, I.e.)' Hydros ulphuric acid, in solution, and alkali sulphides form 
HgS . Chlorine, bromine and iodine, dry or moist, attack the metal; mercurous 
»'ftlts are formed if the mercury be in excess, mercuric salts if the halogens be 

h. — Oiitde». — Uercurous oxide is insoluble in water or alkalis. Hydrochloric 
«cid forma HgCl; sulphuric acid forms Hg,SO, , changed by boiling with 
excess of acid to ng:80,; nitric acid forms HgNO, , changed by excess of acid 
Xo Hp(NO,), . Kercnric oxide is soluble in acids, insoluble in alkalis, soluble 
3n SO.OOO to 30,000 parts water (Bineau. C. r., 1855, 41, SOB). It is decomposed 
bvjilkali chlorides formlnff HgCl,» (Miaihe, A.. Ch., 1848. (3), S, 177), soluble in 
lrH.Cl. from which solution HH.OH precipitates HH,Cl.NBgH,01 + 
3ni,SgCl (Ditte, r. r., 1891. 112. 859), soluble in KI, forming SKI3bI> 
<Jehii. J. C, 1872, 28. 987), 

r. — Salts. — Mercury forms two well marked classes of aaXta—mercurong. 
monovalent, and mercuric, divalent — ^moet mercurous compounds are per- 
manent in the air, but are changed by powerful oxidizing agents to 
mercuric compounds. The latter are somewhat more stable, but are 
changed by many reducing agents, first to mercurous compounds and then 
to metallic mercury (10). Solutions of mercury salts redden litmus. 
Many of the salts of mercury are either insoluble in water, or require the 
presence of free acid to keep them in solution, being decomposed by water 
at a certain degree of dilution, precipitating a basic salt and leaviag an 
acid salt in solution. Hercnrous chloride, bromide, and iodide are insolu- 
ble in water; the sulphate is soluble in 500 parts cold and 300 parts hot 
-H-ater, soluble in dilute nitric acid (Wackcuroder, A., 1842, 41, 319). The 
.acetate has about tho same solubilities as the pulphafe. Mercurous nitrate 
is completely soluble in water. On standing it gradually changes to 
mercuric nitrate, prevented by the presence of free mercury, but if free 
mercury be present a precipitate of basic mercurous nitrate gradually 
iorms. Heronrio chloride is soluble in 16 parts of cold water and 3 parts 



'Tta« lAW of HaM-Actlon requires that where tbe constltoeDts of ■ HiiBhcljr-Ionlzed substaaoe 
are present tlui eubetanoe shall form at the eipeaee of tboae more BtronKlT ionized. Such a 
eligbtl^kjoliAd bod7 Is HsCI,. When HcO is broug-ht into oontact with KOI solution He and 
-t I oDDblne to form the noa-dlnoolated HgCli. leaving K and O, which unite with watar, Im- 
paithi8tothoK>lutlonaBtroiigBlkaUiie reaction. KBr and KI Bctevea more stniaslr' HcO. 
iiUboQKh framthe ready decompOBttlon of Its Salts by vater and from Us euy reducibllit; a 
-weok base, Tet wlU replace the alkaU metals where a little-dlBBOClated He compound results. 

A a excess of H|(If Oi>( dlaselves chloride, bromide, snd Iodide of Bk and A( owlnc to the 
same cause, the Sg" ions of the BtroDKlf dissociated oltnte deoreasing' the alreadr slight 
dlsBOClatlOD of the mercuric haloids iH4). The failure of HgOl, to give manr ot the pre- 
cipitation-reactions obtainable with other soluble meronrio salts Is of oourse due to the ^tiaa 
taot— the Blight ooDoentiatloa of Hb" lou (| 49). 
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warm water; the bromide ie soluble in 94 parts water at 9" and 4-5 parts 
at 100°, decomposed by warm nitric or sulphuric acids; the iodide ie 
Boluble in about 25,000 parts water (Bourgoin, A. Ch., 1884 (6), 3, 429), 
soluble in H^Sfi^ (Eder and Ulen, / C, 1882, 42, 800), and in many 
alkali salts, forming double salts. Normal mercuric sulphate is decom- 
posed by water into a soluble acid sulphate and the basic sulphate, HffS04 , 
SEgO, which is practically insoluble (soluble in 43,478 parts water at 
16°, Cameron, Analyst, 1880, 144). The normal nitrate is deliquescent, 
very soluble in a small amount of water, hut more water precipitates the 
nearly insoluble basic nitrate, SH^.N^O, , changed by repeated washing 
into the oxide, HgO (Millon, A. Ch., 184C (3), 18, 361). The basic nitrate 
is soluble in dilute nitric aCid. The cyanide is soluble in eight parts water 
at 15". The acetate is readily soluble, the chromate and citrate sparingly, 
end the sulphide, iodide, iodate, basic carbonate, oxalate, phosphate, arse- 
nate, araenite, ferrocyanide, and tartrate are insoluble in water. 

6. Beaotionfl. a. — Fixed alkali hydrozideB precipitate, from solutions of 
meroorou ulti, mercuTOus oxide, Hg,0 , black, insoluble in alkalis, readily 
transposed by acids; from solutions of mercuric salts, the alkali, added 
short of saturation, precipitates reddish-brown basic salts, when added in 
excess, the orange-yellow mercuric oxide, HgfO , is precipitated. If the 
eolution of mercuric salt be strongly acid no precipitate will be obtained 
owing to the solubility of the mercuric oxide in the alkali salt formed; op, 
in the language of the Dissociation ITieorY, owing to the slight dissocia- 
tion of the soluble mercuric salt (§48). Ammoninm hydroxide and car- 
bonate precipitate from solutions of raercurous salts mixtures of mercury 
and mercuric ammonium compounds. The same is true of the action of 
ammonium hydroxide on insoluble mercurous salts: 3^CI -|- 21THjOH 
^^g + NH"^gCl + 2H,0 + HH,C1 ; 6HgN0, + 6HH,0H = 3Hg + 
(ira,HgirO,),HeO + iim.l^Q, + 6H,0 ; 4Hg,S0, + 8irH,0H = 4S^ + 
(HgH^),S0..2HgO -f 3(lIH,)jS0, + eHjO ; or uniting the salt in dif- 
ferent manner, 4HgCl + 4NH^0H = 8Hg + ^.NCl.HH.Cl + 2NH,C1 
+ 4H,0 , Examination with a microscope reveals the presence of Hg" . 
The mercuric ammonium precipitate dissolves in a saturated solution of 
{ira,),SO, containing ammonium hydroxide and can thus be separated 
from the Hg (Francois, /. Pkarm., 1897 (G), 6, 388; Turi, Oazzetta, 1893, 
23, ii, 231 ; Pesci, Gazzetta, 1891, 21, ii, 569; Barfoed, /. pr., 1889, (2), 39, 
201). With mercuric salta ammonium hydroxide produces " white precipi- 
tate," recognizable in very dilute solutions; that with cold neutral solu- 
tions of mercuric chloride being mereurammonium chloride, (NH,H^)C1 , 
also called nitrogen dihydrogen mercuric chloride (a); if the solution be 
hot and excess of ammonium hydroxide be added, dimercurammonium 
chloride, also called nitrogen dimercuric chloride (6) is formed. Treat; 
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ing with fixed alkali hydroxide until no more ammonia is evolved changes 
the former compound to the latter (Pesci, /. c). The precipitates are 
easily soluble in hydrochloric acid, slightly soluble in strong ammonium 
hydroxide, and more or less soluble in ammonium salts, especially am- 
monium nitrate and carbonate (Johnson, C. N., 1889, 59, 234). A aoluhle 
combination of ammonium chloride with mercuric chloride, 2NH,CI. 
SgCl, , or ammonium mercuric chloride, called " sal alembroth," is not 
precipitated by ammonium hydroxide, but potassium hydroxide precipi- 
tates therefrom the white mercurammonium chloride, (NH,)2^C1, (c): 
(o) HgCl. + 2irHiOH = NHiHgCl + NH.CT + 2H,0 
(6) 2HgfCl, + 4irH,0H = NB^.Cl + 3NH,01 + 4H,0 
(c) 3KH.Cl.HgCl, + 2KOH = (NH,),HgCl, + 2KC1 + 2H,0 

A solution of HgCl, in KI with an excess of KOH (Nessler's Reagent) is 
precipitated by Ii3,0H (or by ammonium salts), as NHg^I (§207, 6k). 

Fixed alkali Cftrbonatea precipitate from mercurous xalts nn unntable mer- 
nurout carhonatv. Hg,CO, , gray, blackening to basic carbonate and oxide when 
heated. Carbonates of barium, strontium, calcium and ma^rneeiiim precipitate 
merciirous carbonate in the cold. >[ercut^c salts are precipitated as red-broKn 
bosfe gaits, which, by excess of the rengent with hfat, are converted into the 
yellow mercuric oxide. The basic salt formed with mercuric chloride ih an oxy- 
chloride, HgCl,.(EgO), , , , or , ; with mercuric nitrate,' a basic carbonate, 
('HgO),'H.gCO, . Barium carbonate precipitates a basic salt in the cold, from 
the nitrate, but not from the chloride. 

b.— Oxalic add and soluble oxalates precipitate from solutions of mercurous 
salts iiiciviiroua iij^alalr. HgjCiO, . white,- sliifhtly soluble in nitric acid; from 
Holutiona of mercuric salts, except HgCl, , iiicrcurie oxiilalr, HgC,0, , white, 
easily soluble in hydrochloric acid, difhciittly soluble in nitric acid. A solution 
of HgCl, boiled in' the sunlight with (NH,):C,0, gives HgCl and CO, . 

SlT-drocyanlc add and alkali cyanides decompose mercurous salts into me- 
tallic mercury, a gray precipitate, and mercuric cyanide, which remains in 
solution. Mercuric Kalts are not precipitated, since the cyanide is readily 
soluble in water. Soluble ferrocyanldea form with meniirofum a white gela-. 
tinous precipitate, soon turning bluish green: with mercurlmim a white precipi- 
tate, becoming blue on standing. Soluble terrtcyanldes form with mercurous 
salts a yellowish green precipitate; with mercuric saita a green precipitate, 
soluble in liydrochloric acid. Potassium tbiocyanate precipitates mercurous 
thiocynnate. HgCNS , white, from solutions of mercurous salts (Claus, J. pr., 
W.\S, 15, 40ti); from solutions of mercuric salts, mercuric thiocyanate. 
Hg<CNS), . soluble in hot water (Philipp. Z. Ch.. 1867, 553). 

c.^Xitric arid never acts as a precipitant of mercury salts, the salts bein^ 
more soluble in strong nitric acid than in wiiter or the dilute acid: also nitric 
acid dissolves all insoluble salts of mercury except HgS , which is insoluble in 
the hot acid (up. tir. 1.A2) (Howe, Am., 1887, 8, 7S). HgCl is slowly dissolved by 
nitric acid on boiling. All mercurous salts are oxidized to mercuric salts by 
excess of nitric acid. 

d. — Hypophosphorons acid reduces mercuric salts to Hg", but the presence of 
hydrogen pero\ide caufics the formation of H^l from HgCl, and is of value 
as a quantitative method for estimation of mercury (Vanino and Treubert, B., 
18!)7. 30, T.mi). 

Phosphoric add and alkali phosphatea precipitate, from mercurous salts, 
nifrdtrous pjmaphatr. Hg,FO, , white, if the reagent be in excess; but if HgNO, 
be in excess. Hg,PO,.HgNO. , white, with a yellowish tiope. Mercurous phos- 
phate is soluble in dilute HNO, , insoluble in H,PO. , From mercuric nitrate. 



mercuric phosphate, Hg,(FO,), , white, is precipitated, BOluble in HKO, , HCI, 
anil ftmmonium salts, insoluble in H,FO, . Phosphoric acid does not precipitate 
HgCl. , and Ha,HPO, does not precipitate the white Hg.(FO,), from HgCI, , 
but on standing a portion of the mercury separatea as a dark brown pre- 
dpitate (Haack, J. C. 1891, 60, 400; a892, 63, 530). 

e. — Hydrualphnrie aoid and soluble anlphides, precipitate from mer- 
cOTOas salts, mercuric sulphide, Hg^ , black, and mercury, gray. Mercurous 
sulphide, Hgf^S , does not exist at ordinary temperatures. According to 
Antony and Sestini {Oazzelta, 1894, 24, i, 193), it is formed at — 10° by 
the action of HjS on 'RgCl , decomposing at 0° into HgS and Hy . From 
raercTirio salts there is formed, first, a white precipitate, soluble in acids 
and excess of the mercuric salts, on further additions of the reagent, the 
precipitate becomes yellow-orange, then btown, and finally black. This 
progressive variation of color is characteristic of mercury. The final and 
stable black precipitate is mercuric sulphide, HyS ; the lighter colored 
precipitates consist of unions of the original mercuric salt with mercuric 
sulphide, as H^lj.HgS , the proportion of HgS being greater with the 
darker precipitates. When sublimed and triturated, the black mercuric 
sulphide is converted to the red (vermillion), without chemical change. 
Mercuric sulphide is insoluble in dilute HNOj (distinction from all other 
metallic sulphides); insoluble in HCI (Field, J. C, 18G0, 12, 1.IS); soluble in 
chlorine (nitro-hydrochloric acid); insoluhlc in (HH,)jS except when EOH 
or NaOH be present (Volhard, A., 1891, 256, Zr>2); soluble in K^S (Ditte, 
0. T., 1S84, 98, 1271), more readily if KOH be present (separation from 
Pb , Ag , Bi , and Cn) (Polstorfl and Biilow, Arch. Pharm., 1891, 229, 892). 
It is soluble in KjCS, (one part S , two parts CS^ , and 23 parts KOH , sp. 
gr. 1.13) (separation from Fb, Cn, and Bi); roprecipitated as su!)ihide by 
HCI (Rosenhladt, Z., 1887, 26, 15). 

Mercurous nitrate forms with aodinm thiosulphate a grayiBh black predid- 
tate. part of the mercury remaining' in solution. Mercurous chloride forms 
metallic mercury and some mercury salt in solution as double salt (Schnauss, 
/. C, 1876, 29, 342). Mercuric chloride addpd to sodium thiosulphate forms a 
white precipitate, which blackens on standing: if the mercuric chloride be 
added in excess a bright yellow precipitate is formed, which blackens when 
boiled with wnter, nitric acid or sulphuric acid, but does not dissolve or 
blacken on boiling with hydrochloric acid. Sodium thiosulphate added to 
mercuric chloride forms a white precipitate, which blackens on standing or on 
adding excess of thioeulphate, but if excess of thiosulphate l>e rapidly added to 
HgCl, no precipitate is formed: boiling: or long standing producesthe black 
precipitate. Mercuric salts are not completely precipitated by sodium thio- 
sulphate. The black precipitate ia HgS, 

SulpboTous acid and soluble sulphites form from mercuroua solutions a 
black precipitate (Divers and Shlmidzu, J. C, 1R86, 49, 567). Mercuric nitrate 
with sulphurous acid forma slowly a tioceiilent white precipitate soluble in 
nitric acid. The precipitate and solution contain mercurosum as evidenced by 
BCl . Mercuric nitrate with soluble sulphites forma a voluminous white pre- 
cipitate, soluble in ENO, and containing mercurosum. Mercuric chloride Is 
not precipitated by sulphurous acid or sulphites in the cold, but is reduced, by 
bdling with sulphurous add, to HgCl and then to Hff" . _ ^ IC 
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Snlphniio acid and soluble Sttlphates precipitate from merCurous solu- 
tions not too dilute, mercuraus sulphate, H^^SO^ , white, decomposed by 
boiling water, sparingly soluble in cold water [5c), soluble in nitric acid 
and blackened by alkalis. Mercuric salts are not precipitated by sulphurio 
acid or sulphates. For action of H^SO, on HgCl; see neit paragraph and 
(§269, 8, footnote). 

^.—Hydrochloric add and soluble cUoridei precipitate from solutions of 
mercurouB salts, mercurous chloride, HgCl , " Calomel," white, insoluble in 
water, slowly soluble in hot concentrated HCl . Boiling nitric acid abwly 
dissolves it, forming H^(N03)^ and HgCli ; dissolved by chlorine or nitro- 
hydrochloric acid to H^lj ; soluble in Hg(HO,)j (56 footnote) (Dreschael, 
J. C, 1882, 42, 18). This precipitation of mercuroua salts by hydro- 
chloric acid is a sharp separation from mercuric salts and places iner- 
curoug mercury in the First (Silteh) Grodp op Metals. Mercuric salta 
are not precipitated by hydrochloric acid or soluble chlorides, unless the 
mercuric solution is more concentrated than possible for a mercuric 
chloride solution under the same conditions, t. e., a strong solution of 
^^HO,), gives a precipitate of SgCI, on addition of HCl , soluble on 
addition of water. Mercuric chloride is not decomposed by sulphuric 
acid. A compound ^^l^^jSO, is formed which sublimes undecom- 
poeed. The same compound is formed when HgSO^ is treated with HCl 
and distilled (Ditte, A. Ch., 1879, (5), 17, 120). 

Hydrobromio acid and soluble bromides -precipitate, from solutions of 
mercurous salts, mercvrotis bromide, MgBr , yellowish white, insoluble in 
water, alcohol, and dilute nitric acid; from concentrated solutions of 
mercuric salts, mercuric bromide, X^Br, , white, decomposed by concen- 
trated nitric acid. Mercuric bromide is soluble in excess of mercuric salts 
(56 footnote), or in excess of the precipitant; hence, unless added in 
suitable proportions, no precipitate will be produced. Sulphuric acid does 
not transpose H^Br^ but forms compounds exactly analogous to those 
with HgrCl; . Excess of concentrated H^SO, gives some Br with H^Br, . 

Hydriodic acid and soluble iodides precipitate from solutions of mer- 
curous salts, mercurous iodide, Hgl, greenish yellow — "the green iodide 
of mercury " — nearly insoluble in water, insoluble in alcohol (distinction 
from mercuric iodide), soluble in mercurous and mercuric nitrates; decom- 
posed by soluble iodides with formation of Hg and ^gl, , the latter being 
dissolved as a double salt with the soluble iodide : SHgl -\- 2KI = Hg + 
Hglg.SKI . Mercurous chloride is transposed by HI or EI to form Hgl , 
excess of the reagent reacts according to the above equation (D., 2, %, 867). 
Ammonium hydroxide in the cold decomposes Hgl into Hg and Hgl, 
(Francois, J. Pharm., 1837, (6), 5, 388). 

Mercuric salts are precipitated as mercuric iodide, Hgl^, first reddish- 

.,, .. „. _. . . ;MC 
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yellow then red, soluble in 24,814 parte of water at 17.5" (Bourgoin, A. Ch., 
1884, (6), 3, 429), soluble in concentrated nitric and hydrochloric acids; 
quickly soluble in solutions of the iodides of all the more positive metals, 
t. e. in excess of its precipitant, by formation of soluble double iodides; aft 
(KI)jH^I] variable to KIHgl, . A hot concentrated solution of potas- 
sium iodide dissolves SHgl, for every SKI. The first crystals from this 
solution are EIHgl] , These are decomposed by pure water, and require 
a little alkali iodide for perfect solution, but they are soluble in alcohol 
and ether. A solution of dipotaRsium mercuric tetraiodide, EiHgl, = 
(EI)jHgIi (sometimes designated the iodo-hydrargyrate of potassium), is 
precipitated by ammonium hydroxide as me re ur ammonium iodide, NHg^I 
(Nesater's test), and by the alkaloids (Mayer's reagent). 

Potaaaitun bromate precipitates, from solutione of mercurous nitrate, mer- 
cnroiis brom&te, H^BtO, , white, soluble in excess of mercurous nitrate and 
in nitric acid; from Bolutions of mercuric nitrate, mercuric bromate, Hg(BrO,), , 
soluble in nitric acid, hydrochloric acid, and in excess of mercuric nitrate, 
soluble in 650 parts of cold and 64 parts of hot water (Rnmmelaberp, Pogg., 1843, 
SB, 7B). No precipitate is formed when potaEsium bromate is added to mercurio 
chloride (SA, footnote). Iodic acid and soluble lodatea precipitate solutions 
of mercurous salts as meriurou» iodatf, H^IO, , white with yellowish tint, solu- 
ble with ditnculty in dilute nitric acid, readilj' soluble in HCl by oxidation to 
mercuric salt. Mercuric nitrate is precipitated as mercnric Uidatc. Hg(IOj)., , 
white, soluble in HCl , insoluble in HNO, and H,80. , soluble in NH.Gl . trans- 

Baed and then dissolved by EI . Jlercuric chloride is not precipitated by 
:0, (56, footnote) (Cameron, r. .V., 1876, 33, 253), 

H.—Arsraotis acid or araeiiltes form a white precipitate with mercurous 
nitrate, soluble in HNO, (Simon, Pogg.. 1837, 40, 443). Mercuric nitrate is 
precipitated by a solution of arsenous acid; the precipitate is soluble in HVO, 
(D., 2, 2, 920). Arsanle add or Ha,KAjiO, precipitates from mercurous nitrate 
3Hff,AsO,.HgHO,.H,0 . light yellow if the HgNO. be in excess (D., 2. 2, 931): 
dark red Hg]Ae0, if the arsenate be in excess. Eg,As0, ia changed by cold 
HCl to HgCl and H,AbO. , by boiling with HCl to Hgo , HgCl, . ond H.AaO. ; 
and is soluble unchanged in cold HNO, . insoluble in water and acetic acid - 
(Simon, Pogg., 1837, 41, 434). Arsanle acid and soluble arsenates precipitate 
from mercuric nitrate, Hg.(Aa0,), , white, soluble in HNO. and HCl , sliB'htly 
_„i,.i.i. :_ — .._ j\rge„ic acid and potesaiiitn arsenate do not precipitate 



Stannoos chloride precipitates solutions of mercuric salts (by reduction), 
as mercurous chloride, while; or if the ptannous chloride be in cxcesB, 
as metallic mereurj' (a valuable final test for mercuric salts) (10). 



fc.— Soluble chromates precipitate from 
ekrvmalc, Hg,CrO, , brick-red, insoluble In water, readily transposed bv HCl tt> 
HgCl and H,CtO, , soluble with difficulty in HNO, witliout oxidation (Hichter, 
B., 1882, 15, 1480). .Mercuric nitrate is precipitated by soluble chromates as a 
light yellow precipitate, rapidly turninp dark brown, easily soluble in dilute 
ftcids and in HgCl,. Mercuric chloride forms a precipitate with normal chro- 
mates, but not with K,Cr,0, . 

7. I^tioB. — Mercury from ail its compounds is volatilized by heat at 
the undecomposed salt or as the free medial. Mercurous chloride (Debr«T» 
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<J. C, 1877, 31, 47) and bromide and mercuric chloride and iodide sublime 
^in glass tubes) undecomposed — the sublimate condensing (in the cold part 
of the tube) without change. Most other compounds of mercury are 
dGcomposi?d by vaporization, and give a sublimate of metallic mercury 
{mixed with sulphur, if from the sulphide, etc.). All compounds of mer- 
cury, dry and intimately mixed with dry sodinm carbonate, and heated in 
a glass tube closed at one end, give a sublimate of metallic mercui-y as a 
gray mirror coat on the inner surface of the cold part of the tube. Under 
the^ magnifier, the Coating is seen to consist of globules, and by gently 
rubbing with a glass rod or a wire, globules visible to the unaided eye are 
obtained. 

8. Detection. — Mercury in the mercurous condition belongs to the first 
ORODP (silver group), and is completely precipitated by HCl . It is iden- 
tified -by the action of ammonium hydroside, changing the white precipi- 
tate of mercurous chloride to the black precipitate of metallic mercury 
and nitrogen dihydrogen mercuric chloride (a delicate and characteristic 
test for Hg'). Mercury in the mercuric condition belongs to the second 
GROUP (tin and copper group), and is separated from all other metala of 
that group by the n on -solubility of the sulphide in (HH^)jS, and in dilute 
HNOj . The sulphide is dissolved in nitrohydroehloric acid, and the pres- 
ence of mercury confirmed by the precipitation of Hg° on a copper wire, or 
by the reduction to HgCl or Bg' by SnClj . 

9. Estimatloii. — (n) Aa metallic mercury. The mercury is reduced by means 
of CaO in a com bust ion -tube at a, red heot in a current of CO, , The Biibllmed 
mercury is coniiensed in a flask of water, and. afler decanting the water, dried 
in a. bell-jnr over sulphuric acid without application of lieat. The mercury may 
alEo be reduced from its solution by B&Cl, (or H,FO, at 100°) and dried as 
above. (6) Aa merouroue chloride. It is first reduced to Hg' by H,FO, (Usiar, 
Z., 1895, 34, 391), which must not be heated above CO", otherwise metallic mer- 
cury will be formed; anci after precipitation hv HCl nnd drying on a weiphed 
filter at 100°, it is weiffhed ns HgCl . Or enough HCl is added to combine with 
the mercury, then the "Bg" is reduced to Hg' by FeSO, in presence of NaOH : 
2agO + 2FeO -I- 3H,0 = Hg,0 + 2Pe(0H), . H,SO, is added, which causes the 
formation of HgCl , whiclj is dried on a weighed Alter at 100°. (c) As HgS . 
It is precipitated by H,S, and weighed in same manner ns the chloride. Any 
free sulphur mixed with the precipitate should be removed by CS, . (d) Aa 
H^ . bj" heatinir the nitrate in a bulb-tube in a current of dry air not hot 
enough to decompose the HgO . (e) Vohimetrically, by Na,S,0,: from the 
nitrate the precipitate is yr-llmc, from the chUirlAe it is ich<tf: 

.■JHg(M'0.), -I- 2M'a,S,0, -j- 3H,0 = Hg,S,(irO,), -|- SNa^SO, -f 4EN0, 
aHgCl, -I- SNajSjO, + 3H,0 = Hg.SjCl, -f- 2Wft,S0, + 4HC1 . 
(0 Volume trically, H^l, is reduced to Hk,0 by FeSO, in presence of XOH, 
and after acidulating with H,SO, the excess of FeSO, is determined by K,Cr,0, 
or KKnO, (Jiiptner, C. C, 1883, 727). (?) By iodine. It is converted Into HgfCl 
nnd then dissolved in a graduated solution of I dissolved in KI: 2EgCl + 6KI -j- 
I. = 2K,HgI. + 2KC1. The etcess of iodine is determined by Na,S,0, , (*) 
The mensnred solution of HgCl, is added to a graduated solution of KI; 
■IKI -1- HgCl, = E,HgI, -I- 2KC) . The instant the amount of HgCl, shown 
in the equation is exceeded a red precipitate of Mgl, appears, (i) Folumetrte, 
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by adding a tevr drops oT ammonliini hydroxide to HgCfi and then titrating 
with standard XJCH , the ammonin'm hydroxide precipitate' dixappearB when the 
mercury becomeB Hg(CN), (Hnnna'y, J. C, 1873, 26, 570; Tuaon, J. C. 1H7T, 38, 
676), (/) Electrolytically. by obtaining the mercury as BgirO, , Hp(XO,), , 
or Hg'iSO, and precipitating as Hg'" on platinum by the electric current. 
Mercuric chloride cannot be used, as it is partly reduced to HgCl , and tb»t 
is not readily reduced to Mg' by the electric current (Hannay, I. c). 

10. Oxidation. — Free mercury {Sg°) precipitates Ap, An, and Pt from 
their solutions, and reduces mercuric salts to mercuroua salts {Hada, J. C, 
189G, 69, J 667). Potassium permanganate in the cold oxidizes the metal 
to HpjO, when hot to HgO (Kirchmann, /. C, 1873, 26, 476). Mercury 
and mercurous salts are oxidized to mercuric salts by Br , CI , I , HNO, , 
H.SO. (concentrated and hot), and HCIO, . 

Redacin^ agents, as Pb , Sn , Sn", Bi , Cn', Cu', Cd , Al , Pe , Co , Zn , 
Th', 1^, H,PO, , HjPOa and H^SO, , precipitate, from the solutions of 
mercuric and mercurous nitrates, rfark-gray Hg" ; from solution of mer- 
curic chloride, or in presence of chlorides, fir.it Ike while, HgCl , then gray 
Hg". Strong acidulation with uitric acid interferes with the reduction, 
and heating promotes it- 

The reducing agent most frefjuently employed is stannous chloride: 
3HgCl, + SnCl, = 2HffCl + SnCl, 

2HgCl + SnCl, = 2Mg + SnCl, 
or HgCl, + SnCI, = Hg + SnCl, 

also 2Hg(N0.). + SnCl, = 2HgCl + Sn(NO,), 

A clean strip of copper, placed in a slightly acid solution of a salt of mer- 
cury, becomes coated with metallic mercury, and when gently rubbed 
with cloth or paper presents the tin-white lustre of the metal, the coating 
being driven off by heat; 2^N0, -f Cu = 2Hg + Cu(NO,)a . Formic acid 
reduces mercuric to mercurous chloride, and in the cold does not affect 
further reduction. Pry mercuric chloride, moistened with alcohol, is 
reduced by metallic iron, a bright strip of which is corroded soon after 
immersion into the powder tested (a delicate distinction from mercurous 
chloride). 

§69. Silver (Argentum) Ag = 107.92 . Monovalent. 

1. TropeTtleiB.~SpFriflc grnrily 10.512 heated in vacuo (Dumas, C. S., 1878, ST, 
82). Melting point. 960.7* (Heycock and Neville. ■/. O., 1S95, 67, 1024). Does not 
appreciably vaporize at 1567* {V. and C. Meyer. B., 1879, 12, 1428). It is the 
'whitest of metals, harder than gaM and softer than copper. Silver is hardened 
by copper; United States silver coin contains 90 per cent silver and 10 per cent 
copper. In malleability and ductility it is inferior only to gold; and as a con- 
ductor of heat and electricity it exceeds all other metals. 

2. Occorraioe.— Found in a free state in United States, Mexico, Peru, Siberia. 
etc.; more frequently in combination. Its most important ores are argentite or 

iEeia,0.Iif.,1866,i9.M8;»Heanuum,J'.O.,19n(,M,M». _ . MC 
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riWer glance, Ag,S, pTrargyrlte, A^.BbSi , aod boni silver, AgCl; it ia fre- 
quently found in payiog quantitdee in galena, 7b8 , and copper pyrites, and 
in many other ores. 

3. PrBparatioii.^(a) It ia alloyed with lead by fusion and the lead separated 
by oxidation. (6) It is amalgamated with mercury and the mercury separated 
by distillation, (c) It is brought into solution and the metal precipitated by 
copper, (d) It is very easily reduced from the oxide or carbonate by heat 
alone, and from all its compounds by ignition with hydrogen, carbon, carbon 
monoxide and organic compounds. 

4. Oxldeo.— j^llrer oxide, Ag,0 , argentic oidde, is formed by the action of 
alkali hydroxides on silver salts or by heating the carl>onate to 200°. It is a 
brown powder, a, strong oxidizing agent, decompoB«d at 300" into metallic silver 
and oxygen. Concerning the existence of argentous oxide, Ag,0 , and silver 
peroxide, Ag,0, , and their properties, see Mulhmann {B., 1887, 20, 983) ; Pford- 
ten (B.. 1887, 20, 1458) and Bailey (C. W., 1887, 66, 263). 

5. Solubilltlefl. — a.— Metal. — The /Ixed alkali* do not act upon sliver, hence 
silver crucibles are uaed instead of platinum for fusion nith caustic alkalis. 
Ammonium hydroxide dissolves finely divided silver, no action if air be excluded. 
Acetic acid Is without action (Lea, Am. S., 1892, 144, 444). NitHc acid ia the 
ordinary solvent for Bilver, most effective when about 50 per cent, the dilute 
acid free from nitrous acid has little or no action (Lea, I.e.); silver nitrate is 
formed and nitrogen peroxide is the chief product of the reduction of tbe 
nitric acid (Higley and Davis, Am., 1897, IS, 587). Silver is not oxidized by- 
water or air at any temperature; it is attacked by phosphorus or by substancea 
easily liberating phosphorus; it is tarnished in contact with hydrosulphuric 
acid, Boluhle sulphides, and many organic compounds containing sulphur; 
except that pure df]/ hydrosulphuric acid is without action upon pure dry silver 
(Cabell, C. N., 1884, 60, 208). nilute sulphuric acid slowly dissolves finely 
divided silver (Lea, i. c), a sulphate is formed and, wijh the hot concentrated 
acid, sulphur dioxide Is evolved. Hydrochloric acid, sp. ^., 1.20, is without action 
upon pure silver, but the metal ia readily attacked by chlorine, bromine or 
Iodine. 6.— Oj*te.— SUvsr oxide, Ag,0 , soluble in 3000 parts of water, com- 
bines with nearly all aeida, except CO, , forming the corresponding salts. The 
hydroxide ia not known. 

e. — Salts. — Silver forms a greater number of insoluble salts than any 
other known metal, though in this respect mercury and lead are quite 
similar. The nitrate is very soluble in water, 100 parts H5O dissolving ■• 
2?7.3 parts AgNO, at 19.5°, soluble in glycerol, and sparingly soluble in 
alcohol and ether. The ehlorate dissolves in about ten parts cold water; 
the acetate in 100 parts; the sulphate in about SOO parts cold water and 
88 parts at lOG", and is more soluble in nitric or sulphuric acid than in 
water; the borate, thiosulphate, and citrate are sparingly soluble in water. 
The oxalate, tartrate, carbonate, cyanide, ferrocyanide, ferricyanide, phos- 
phate, enlphido, sulphite, chloride, bi-omide, iodide, iodate, areenite, arse- 
nate, and cbromate are insoluble in water. 

The chloride is soluble in 244 parts HCl , but its solubility is very much 
lessened by the presence of mcrcurous chloride (Ruyssen and Varenne, Bl., 
1881, 36, 5), If a solution of silver nitrate be dropped into concentrated 
hydrochloric acid no precipitate appears until one half per cent of the 
HCI becomes AjfCl (Pierre, /. C, 1872, 25, 123). Concentrated nitric acid 
upon long continued boiling scarcely attacks A^Cl (Thorpe, J. C, 1873, 26, 
453); sulphuric acid, sp. gr. 1.84, completely transposes even the fused 
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chloride on long boiling (Saucr, J. C, 18i'4, 27, 335). Silver chloride is 
also Boluhla in ammonium hydroxide and carbonate; in sodimn chloride 
forming a double salt; in a concentrated solution of mercuric nitrate 
(§68, 1; §S8, 5h footnote); and in many other metallic chlorides and 
alkali salts to a greater or less extent. All the salts of silver which are 
insoluble in water are soluble in ammonium hydroxide, except the sulphide 
and iodide; in ammonium carbonate, escept the bromide, iodide, and 
Bulphide, the bromide very slightly soluble; in cold dilute nitric acid, 
except the chloride, bromide, bromate, iodide, iodate, cyanide, and thio- 
cyanate; in a solution of potassium cyanide (and by many other cyanides) 
except the sulphide; and in alkali thioaulphates almost without exception. 

C. Beaotions. a. — The fixed alkali hydnnides precipitate from solu- 
tions of silver salts (iu absence of citrates), silver oxide, Ag^O , grayish 
brown, insoluble in excess of the rea^uits; soluble in acids, alkali cyanides, 
and thiosulphates ; somewhat soluble in ammonium salts. Most silver 
salts are transposed on boiling with the fized alkalis, except the iodide, 
which is not thus transposed (Vogel, /. C, 1871, 24, 313). 

Ammonium hydrozide, in neutral solutions of silver salts, forms the 
eame precipitate, Ag^O , very easily dissolving in excess, by formation of 
ammonium silver oxide, NH^^O : AgNO, + 3NH.0H = NH.AgO -|- 
HH4NO, + HjO (Preeeott, J. Am. 80c., 1880, 2, 32). In solutions con- 
taining much free acid, all precipitation is prevented by the ammoninm 
salt formed. • 

Alkali carbonates precipitate silver carbonate, AgjCO^ , white or yellow- 
ish white, very slightly soluble in water and in the fixed alkali carbonates, 
readily soluble in ammonium hydroxide and carbonate, transposed by 
inorganic acids forming the corresponding salts. Carbon dioxide does 
not transpose silver salts. 

h. — Oxalic acid and soluble oxalates precipitate sUtxr oxalate, Ag,C,0, , white, 
slightly soluble in water, soluble with dilficiiltj' in dilute nitric or sulphuric 
acids, readily aoliible in ammnnium hydroxide. When heated it decomposes 
tvith dftonntion, forming matnltie silver. 

Potauinm cyanide precipitates from neutral or slightly acid solutions 
ftilver cyanide, ^CN , white, quickly soluble in excess of the reagent as 
silver potassium cyanide, AgCN.ECN . Hydrocyanic acid precipitates 
solutions of silver salts but the precipitate does not dissolve in (excess of 
the reagent. Silver cyanide is transposed by H^SO, or HCl and is soluble 
in ammonium hydroxide and carbonate (Schneider, J. pr.. 18C8, 104, 83), 
The ready solubility of neurly all silver compounds in potassium cyanide 
(5c) affords a means of separating silver from many minerals. 

PotaaBinm ferrocTanlde precipitates gihvr ferrocjianMe, Ag>iFe(CN), . yellow- 
iah white, soluble with dilficulty in ammonium hydroxide nnd carbqiiale; 



netalliG silver separates on boiling and a ferricyanide is tormed. The ferro- 
cyanide Is not decomposed by hydrochloric acid, but it U changed to the 
■ferricyanide by nitric acid. Exposure to the air gives it a b!ue tinge, Potas- 
sium fenic7a.iiide precipilatee aili-er ferrlcyanide, Ag,!Fe(CN}, , reddish yellow, 
readily soluble in ammonium hydroxide and carbonate. FotasBlum thiocfon&te 
givea xUver th'tucyanale, AgCNS , white, soluble in ammonium hydroxide and 
carbonate, insoluble in dilute acids. Concentrated sulphuric acid with the aid 
of heat dissolves silver thlocyauate when some free silver nitrate ia present. This 
may be used a& a separation from silver chloride, which is transposed by hot 
concentrated sulphuric acid only on long-continued boiling (5p). To effect this 
separation a little silver nitrate should be added to the silver precipitates and 
then concentrated sulphuric acid and heat. To avoid dan^^r of decomposition 
of the chloride the mixture should not be heated above aOO°. The pure silver 
thiocyanate (silver nitrate being absent) is decomposed by hot concentrated 
sulphuric acid with formation of a black precipitate containing silver. 

c— Silver nitrate is soluble in 500 parte of concentrated nitric acid {Schultz, 
Z. Ch., 1869, 531), and is precipitated from its concentrated water solutions by 
the addition of concentrated nitric add. rf.— Dlsodlum phosphate precipitates 
eiluT phosphate. Ag>,PO, , yellow, soluble in dilute nitric acid, in phosphoric 
acid, and in ammonium hydroxide and carbonate; but little soluble In dilute 
acetic acid. Sodium pymptiosphiate prfcipitates iUver pjfrophospiwte, white, same 
solubilities as the orthophosphate. 

e. — ^Hydrosnlphnric aoid and soluble sslpliides precipitate from neutral 
acid or alkaline solutions silver sulphide, Ag^.S , black, soluble in moderately 
concentrated nitric acid (distinction from mercury), insoluble in potassium 
cyanide (distinction from copper), insoluble in alkali sulphides (distinction 
from arsenic, antimony, and tin). Certain insoluble sulphides form silver 
sulphide from solutions of silver nitrate,* e. g., cupric sulphide gives silver 
sulphide, cuprous sulphide gives silver sulphide an^ metallic silver, in 
both cases cupric nitrate resulting (Schneider, J. C, 1875, 28, 133 and 
612). 

TbioBulphates precipitate silver thiosulphate, Ag,S,0, , white, unstable. 
readily soluble in excess of the precipitant, by formation of double Ihiosui- 
phates; with excess of sodium thiosulphate IJ'a,Ag',(S,0,), ia formed (Cohen, 
J. r., 1806, 70, ii. 167). Silver thiosulphate turns black on etandinp or heating; 
Ag'jS,0, + HiO ^ Ag,S + H,SO, . Sulphurous acid and soluble sulphites 
precipitate tilrrr milphitp, Ag.SO, , white, readily soluble in excess of alkali 
sulphite or in dilnte nitric acid; on boiling precipitated as metallic silver with 
formation of sulphiitHc acid. Salphurte ^d and soluble sulphates precipitate 
silver sulphate, Ag,SO, , white, from concentrated solutions of the nitrate or 
chlorate; sparingly soluble in water, quite soluble in concentrated sulphuric 



/.—Hydrochloric acid and soluble chlorides precipitate silver chloride, 
AgCl, white, curdy; separated on shaking the solution; turning violet to 
brown on exposure to the light; fusible without decomposition; very 
easily soluble in ammonium hydroxide as ammonia silver ckloride, 
{IIHa),(AgCl), (Jarry, C. r., 1897, 124, 288). If mercurous chloride be 
present with silver chloride the solubility in ammonium hydroxide is 

• Ac,i la one of the least aoluble ol the lulphldes. See |tir, Ite. footnote. 
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greatly lessened, in fact a great excess of mercnrons chloride may lentirely 
prevent the solution of silver chloride in ammonium hydroxide by forming 
metallic silver. Silver chloride is quite soluble in a solution of mercuric 
nitrate, which, if present in large excess, may entirely prevent the pre- 
cipitation of the silver chloride by hydrochloric acid. The precipitation 
by hydrochloric acid (in absence of a great excess of Hg(NOj)j) is the most 
delicate of the ordinary tests for silver, being recognized in 250,000 parts 
of water. Aa mercuric salts are not at all precipitated by HCl and lead 
salts only imperfectly, silver is the only metal which belongs exclusively 

to the FIBST OB BILTEB OBOCP OF BASES (§16). 

Hfdrobromlc add and aolnble bromides precipitate tilver ftromWe, AgBr , 
-white, with s Blight yellowish tint; but alightly soluble in exceae of alkali 
bromides, and much less easily soluble in ammonium hydroxide than silver 
chloride. If silver nitrate be added to a bromide containing an excess of am- 
monium hydroxide, the precipitate which first forms readily dissolves on shak- 
ing; no solution is obtained with the iodide. 

Hydriodic acid and soluble Iodides precipitate silver iodidr, Agl , pale yellow, 
soluble in exceaa of the concentrated reagents by formation of double iodides, 
aa XIAgI , which are decomposed bj' dilution with much water. The precipi- 
tate dissolves in 23,0(10 parts of ten per cent ammonium hydroxide; not at all in 
a five per cent solution (Longi, Qaxzetta, isa3, 13, 87). It is Insoluble in dilute 
acids, but is decomposed by hot concentrated nitric or sulphuric acids. 

miver bromate formed by adding potaselum bromat* to silver nitrate is soluble 
in about COO parts water otid in :120.4 parts nitric acid (up. gr.. l.Bl) at 2.5°, and 
readily soluble in ammonium hydroxide, fillrfr IdfUite formed in manner simi- 
lar to the bromate in soluble in about 28.000 parts water and in 1044..1 parts 
nitric acid (sp. yr.. 1.21) at 25°, and readily soluble in ammonium hydroxide 
(Longi, (.c). 

S. — Soluble arsenltes precipitate &ihrr arseiiite, AggAsO, , yellow, very readily 
soluble in dilute acids and in ammonium hydroxide. Soluble arsenates precipi- 
tate mli-fr ursenute. AggAaO, , red-brown, soluble in ammonium hydroxide, 
nitric acid, arsenic acid, and almost insoluble in acetic acid. 

A solution of alkali stannite— as E^SnO, — precipitates metallic silver 
from solutions of silver salts. A solution of silver nitrate in a great 
excess of ammonium hydroxide constitutes a very delicate reagent to 
detect the presence of tin in the stannous condition in the presence of fixed 
alkalis; antimony does not interfere if a great excess of ammonium hy- 
droxide be present. 

h. — ChrtMuates and dlchromates, as E 
cRronwfe, Ag.CrO, , dull-red, sparingly : 
acid, soluble in ammonium hydroxide. 

7, Ignition. — Silver nitrate melts undecomposed at 21H°, at a red heat it is 
decomposed into Ag° , O, N, and NO (Fischer, Fogij., 1848, 74, 120). Silver 
chloride fuses at 451°, the bromide at 437", and the iodide at ,')27°. On charcoal 
with sodium carbonate, silver is reduced from all its compounds by the blow- 
pipe, attested by a bright malleable globule. Lead and zinc, and elements more 
volatile, may be separated from silver by their gradual volatilization under 
the blow-pipe, or, in the assay furnace (see Cupellation in works on the assay 
of the precious jnetals). 
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8. Detection. — Silver is identified by its precipitation with hydrocMoiic 
acid, the ingolubility of the precipitate in hot water, and its solubility in 
ammonium hydroxide, with reprecipitation on rendering acid with nitric 
acid (§61). 

0. Efltimation. — (a) As metallic silTcr, into which it is converted by direct 
ignition if it is the oxide or carbonate, or by ignition in hydrogtii If the 
chloride, bromide, iodide or Buiphide (Vo^l, J. C, IHTl, 24, 1009). (6) It n 
precipitated as A^l , and after igniting to incipient fusion, weighed, (c) It ia 
converted into Ak,S by HjS , and weighed after drying at 100°; inadmissible 
in case ol an acid that might liberate free sulphur, (d) Add ECN until a 
solution of EAg(CN), Is formed, precipitate with HHO, , and after drying at 
100°, weigh as AgCN . («) Volu metrically, by adding a graduated solution of 
NaCl until a precipitate is no longer formed. This may be varied by addiog 
the menRured silver soltition to the graduated NaCl solution, containing a few 
drops of B:,CrO, , until the red precipitate begins to form, (f) Volu metrically, 
add a graduated solution of ammonium thiocyanate, containing ferric sulphate, 
until the red color ceases to disapjiear. (g) Add the measur^ sliver solution 
to a standard solution of ECN until a permanent white precipitate is formed. 

10. Oxidation.— Metallic silver precipitates gold and platinum from 
their Bolutions, reduces cupric chloride to cuprous chloride,' mercuric 
chloride to mercurous chloride, and permanganates to manganese dioxide*. 
Silver is precipitated from its solutions by: Pb, PbS', Sg , A»*, AsH, , 
Sb, SbH,, Sn, Sn", Bi, Cn, Cil'% Cd, Te, ?e, FeS', AI, Un, Zu, 1^, 
P*, PH, , H3PO, , H,SO, , SiH/, HjO;«, and H (very slowly)'. 

In alkaline mixture silver is also reduced by Hg', At'", Sb'", Bi'", and 
Hn". An amalgam of mercury and tin reduces insoluble compounds of 
silver in the wet way, the silver amalgamates with the mercury and the 
tin becomes Sn'" (T^ur, C. r., 1882, 95, 38). 

Ferrous sulphate in the cold incompletely reduces silver salts; on boiling, the 
ferric salt formed is reduced and the silver dissolved (Lea, I. c). In the gradual 
reduction of silver by certain organic reagentK, the metal is obtained as a bright 
Rilver coating or mirror upon the inner mirfnce of the test tube or other glasa 
vessel. Usually a slightly ammoniacnl solution of silver nitrate Is used and 
allowed to stand some time with the reagent: such as alcoholic solution of oil 
of cloves or cassia, formic acid, aldehyde, chloral, tartaric acid, etc. Gentle 
warming facilitates the result. If a good mirror is desired, great care must be 
taken to free the inner surface of the glass from all organic impurities by 

careful washing with ether, chloroform, e" ■ ■■ 

the nitric acid radical of the silver nitrate 
left: 4AgN0, + SH.O = 4Aff + IHWO, + 

Xight acts upon nearly all salts <if silver when mixed with gelatine or other 
organic substances used in preparing photographic plates, etc. It is quite 
prcibable that the silver is rediiccd to metallic silver or argentous oxide, Ag,0 , 
IT both: but the action is not well understood. The nitrate in crystal or pure 
water solution, the phosphate, bromide, iodide and cyanide are not decomposed 
by light alone: but light greatly hastens their decomposition by organic sub- 
stances, or other reducing agents, as of solution of silver nitrate in rain water, 
or written as an ink upon fabrics. Silver is the base of most indellMf ink*. 

<Lea,^m.S.. lags, 144, 144. ■ £>., S, S, 7S9. • Sker, C. X, IffTl, 3S. £82. • Senderans. C. r., UK, 
104. 17B. •n..a.l,U«. •Rleeler..r. a, l»Mi,70, il,4Tl. 'Penet,B.,lS;4,T,SHi SobwBizenbaoh 
and KrltwhBWikr, Z., 18W, SB, n4; Cooke, C. fl*., leSB, U. IM. • lUUoD, Am. S, 180, M. U1. 
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Solution: PbOl, (g64). 

Divide the solution into four portions, and 
test with the following: 

(1) H,BO, , giving PbBO, , white (fS7, 6«}. 

(2) H,8 , " PbS . black (SaT, 6e). 

(3) E,CrO. . ■' FbCrO. , yellow ((57, M). 

(4) KI» " Pbl., yellow (867,6/). 

If an abundance of lead chloride be preseut, 
the hot-water aolution will depoait the 
needle crystals of the chloride as the solu- 
tion cools (S57, ic). 

blow-pipe (S57, 7). 
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fioIuUon; (NH,),(AgCl), . 

Boil to expel the excess of ammonium 
hydroxide n«d acidulate with nitric 
acid. A pri-cipitate is AgCl . 

If the NH.OH solution is turbid, due 
to the formation of n basic lead 
chloride (357, 6o), filter, and then 
treat as almve. 

dryness, it a solution) may be 
tested by the blow-pipe on char- 
coal (§59, 7) : giving metallic silver, 
which may be dissolved in nitric 
acid (859, So) and the resulting 
solution examined by the usual 
tests for silver. 
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Besldue: Hg° and XH.HgCl . Mack 
(S58, 6a). 

(Lead oxychloride, white (§57, 60).] 

The black color is the evidence of 
mercury, and that it was present 
in the men-uroUB condition. 

For the further examination of the 
black precipitate, aee §58, 6a. 
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Directions for the Analybis of the Metals of the Fibst GRonp. 

§82. Kanipulation. — To the solution add hydrochloric jicid (wlit-ncver 
directions call for the addition of a reagent it ia to be used rcaffunt 
strength unless otherwise stated) drop by drop (§32) ujitil no fiirlhcr 
precipitate is formed and the solution is distinctly acid to litmus (§36j. 
The precipitate will consist of the chlorides of Pb , Hg", and h% , e. g., 
Pb{irOs), t|- 2HC1 = PbCl, + -iSSOs . Shake thoroughly and allow to' 
stand a few moments before fdtering; if the solution is wann it should 
be cooled to the temperature of the room. Decant the solution and 
precipitate upon a filter paper previously wetted (§35) with water and 
wash two or three times with cold water or until the filtrate is not strongly 
.acid to litmus. The washings with cold water should be added to the 
first filtrate and the whole marked and set aside to be tested for the 
metals of the remaining groups (§16). 

563. XotCK. — 1. Failure to obtain a precipitate upon the addition of HCl to '^ 
an acid reaction is proof of the absence of Sg" and Ag' , but a solution of a, 
lead salt may be preaent, of such a degree of dilution that the lead chloride 
formed will be soluble in the dilute acid (g57, sc). 

2. The solution should not be strongly acid with nitric acid, as it forms 
nitrohydrochloric acid with the hydrochloric acid, causing oxidation of the 
Mg" (SS8, Sc). Lead chloride is also more soluble in nitric acid than in dilute 
hrdrocbloric acid (S57, 5c). By a study of the solubilities of the silver group 
metals it will be seen that H,SO, , HCl , HBf or HI cannot be used in prepar- 
ing' a solution for analysis when these metals are present. 

3. A great excess of acid is to be avoided, as It may interfere with the reac- 
tion in Group II. (S57, 6e). Complete precipitation should be assured by 
testing the filtrate with a drop of HCl , when no further precipitation should 
occtlr (§32). If a white precipitate is formed by adding a drop of HCl to 
the filtrate it is evident that the precipitation was not complete and more 
HCl should be added and the group separation repeated. 

4. The presence of a slight excess of dilvle acid does not aid or hinder the 
precipitation of the Hg' or Ag. hut as FbCl, is less soluble in dilute HCl 
than in water, a moderate excess of the acid causes a more complete precijnta- 
tion of that metal in the flrst group. 

5. Concentraled HCl dissolves the chlorides of the first group quite appre- 
ciably (969, 5c). 

6. Hydrochloric acid added to certain solutions may cause a precipitate 
when none of the first group metals are present. Some of the more important 
conditions are mentioned; 

a. A concentrated solution of BaCl, is precipitated without change by the 
addition of HCl , readily soluble in water (S186, 5c). 

b. An acid solution of Sb , Bl , or Sn , with some other acid than HCl, 
and saturated with water as far as possible without precipitation, on the 
addition of HCl, precipitates the oxvchloride of the corresponding metal 
(576, at). These precipitates are readily soluble in an excess of the HCl . It 
muFt. however, be remembered that a trace of AgCl will also be dissolved b3' 
an excess of HCl (559, Sc) 

c. Solutions of metallic oxides in the alkali hydroxides ore precipitated when 
n4-utralized with acids, e.g., S:,ZnO, -|- 2HC1 = Zn(OH)j + 2B:C1 . 

d. The sulphides of Ae , Sb , Sn , An , Ft , Ho (Ir , W , Oe , V , Be and Te) 
ill solution with the alkali poly!<ulphides are re precipitated together with 
sulphur on the addition of HCl ('569, 6e). 

e. Soluble polysulphides and thiosulpbatee give a precipitate of sulphur, 
wblte, with HCl (!266, 3a). , (^JoOqIc 



^ 
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f. Certain Bohible doublp cyanides, as Ni<CH),.aKCN . are precipitated 
as insoluble cjankiea, Nl(CN), , on the addition of HCl (S133, 6b). 

g. Solutione of silicates (§249. 4), borateH. tiinffstateK, molybdsteH; also 
beiizoates, salicjlates, urates, and eerlnin other organic salts, are precipitated 
bv ai'idulation with HCl, many of the precipitates being soluble on further 
addition of the acid. 

~ h. Aoidulatiim with HOI may induce chanf^s of o:(idation or reduction, 
n'liich in eertaln mixtures may result in precipitation: for example. Cu* Giiltn 
with KGITB in ammoi.incai .solution (JTT, lift): mi-'^ture of solntlons of KI and 
EIO, (S280. li. fl. T).etc. 

:. If the precipitate. olHaincd by the addition of HCl to the solution, is 
colored or does not give further reactions which are conclusive and perfectly 
PfttiKfactory in every resiiect. it should be separatcrf by t^ltrntion. and treated 
as a solid substance taken for examination (see conversion of solids into 
liquids. S301). 

M. ('ompininds of the first proup metals insoluble in water or acids are trans- 
posed to sulphides by digestlin with an alkali sulphide. The lead and silver 
sulphides thus formed are readil.v soluble in hot dilute nitric acid. The mer- 
cnrous compoumls are changed to mercuric sulphide ((68. J(i and Cc). a second 
group mercury compound insoluble in HNO, . 

1>. If but one metal of the first group lie present, the action of NH.OH 

termines which it is: PbCl, does not change color or dissolve; HgCl blackens; 
and A.gCl dissolves (£60). 

S64, Mampalation. — The preeipitjitc (white) on the filter shoultl now 
be washed onoo or twice with hot water. The first hot water should bp 
poured upon the precipitate a second time. This hot filtrate is divided 
into four portions and each portion tested separately for lead with the 
following reageiits, H,SO^ , H,.S , K.Cr.O, , and KI (§67, 6 e. h, and /): 
y PhCl, + H,SO, = PbSO. (white) + 2HC1 
' PbCl, + H,S = PbS (black) + 2HC1 
2PhCl. + K,Cr,0, + H,0 = 2PbCrO, (yellow) + 2KC1 + SHCl 
PbCl, + 2KI =PbI, (.vellow) + 2KCl" 
The j-cllow precipitate with potassium iodide (the KI must not be used 
in great excess (§67, 5f)) should be allowed to settle, the liquid decanted, 
and the precipitate redissolved in hot water, to a colorless solution which 
upon cooling deposits beautiful j-ellow ervstalline scales of Pbl, (charac- 
teristic of lead). 

S6B. XotfK. — 1. Lead is never completely precipitated in the first group 
(S57, 6f). The presence of a moderate excess of dilute HOI and the cooling of 
the solution both favor the precipitation. 

3. Lead can be completely separated from the second group metals by sul- 
phuric acid applied to the original solution (5B7, Of, £95 and tOS). but that 
would necessitate a regrouping of the metals; as, Ba, 8r, and Ca would alsi) 
be precipitated (Zettnow, Z., IsaT, 6, 438). 

n. In order to precipitate the lead chloride, not removed in the first group, in 
the second RToup with H,S , the solutions must not be strongly acid, either 
the excess of HCl should be removed bv evaporation or the solution should be 
diluted (§B7, He. and £81, 3. 5 and 9). 

/ -f. Jf the lead chloride is not ail washed out with hot water it is changed lo 
'an insoluble basic salt (white) by the NH.OH , part remaining on the filter 
and part carried through mechanically which causes turbidity to the am- 
monium hydroKide solution of the AgCl and makes necessary the filtration 
of that solution before the addition of HNO, , otherwise it does not interfere. 

5. The precipitation ot lead as the siilvliide while not characterlstta o{ lead. 
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is exceedine'Iy delicate, much more bi> than the fonnntioii of the white PbSO, 
(557, Sf), In extremely dilute siilutioiis no pretipitate o;:curB. merely a brown 
coioraljon to the solution. The presence oi tree ncid lessens tlie deiiciicj of 
the teat. ' 

^ fi. PbCrO, is blackened by alkali sulphides and diasolved by the fixed nikalia 
(important distinction Irom BaCrO,): the Hoiubility in the ti^ed alkalis ia also 
an important distinction from bismuth chromate (!76, GA). 

7, Other tests for lend by reduction on charcoal before the blow-pipe, or in 
the wet way by Zn, should not be omitted (S57, 7 and 10). If to a solution of 
lead gait nearly neutral a strip of zinc be added, the lead will soon be deposited 
on the zinc as a spongy niHSS. 

566. Manipulation.— -The white precipitate remaining on the filter after 
washing with hot water eonsists of HgCl and ^^1, with usually some 
PbClj which was not removed. To this precipitate NH,OH , one or two ec. 
is added and allowe*! to pass through the filter Into a clean test-tulie. 
An instantaneous blackening of the precipitate is conchisive evidence of 
the presence of mercurosum ; 2HgCl + 2ITH,0H :z: Hg + NHsHgCl + 
HH.Cl + SH^O . 

The AffCl is dissolved by the KH^OH : 2.^01 + SNH.OH = SNH, . 
2^^ -j- 3H]0, and is found in the filtrate; its presence being confirmed 
bv its reprecipitation on rendering the solution acid with HBO, : SHH, . 
2AgrCl + 3HH0, = 2AyCl + 3NH,N0, . _, * 

567. .Vo/c».— Mercury .—1. The black precipitate on the filter, caused by the 
addition of ITH.OH to the HgCl may be examined under the microscope (or 
the detection ot g-iobutes of Hg", or the precipitate may be digested with 
concentrated solution of (NH.),SO, , which dissolves the irH,H^l , leaving 
tbe Hg° utiattacked (598, fin). 

2. If tbe original solution contains no interfering metals, the distinctive 
reactions of merciirous salts nith iodides, chromates and phosphates should be 
obtained (SBS, Gr, h and (/). 

3. The precipitation with HCl and blackening with NH,OH is conclusive evi- 
dence of the presence of mercury in the mercurous condition: should further 
confirmation be desired, the black precipitate may be dissolved in nitro- 
hydrochloric acid, the exeesB of ncid remoied bi evaporation and the free 
□letni obtained as a coating on a copper wire b\ immersing the freshlv 
polished wire in the solution of HgCl, (S!i6, 10) 

*. Mercury has but ■ few soluble mercuroui compounds and in preparing 
. solutions of the insoluble compounds for analysis oxidizing agente are usually 
employed and the mercurv is then found entirelv in the second group as a 
sulphide (596 and 597). 

5. .Additional proof may be obtained by mixing a portion of the black residue 
■with sodium carbonate, drving and heating in a glass tube (read 5S8, 7, also 
587, 7). 

568. Silver.— I. The presence of a large excess of Hg(M'0,). prevents the 
precipitation of AgOl from solutions of silver salts by HCl (559, 5c). In this 
case the metals should be preripitnled by H,S and the well-washed precipitate 
digeated with hot dilute HHO, . The silver is dissolved as AgNO, . while the 
mercury is unattaeked: tlA^jS -|- iriHUO, = ISAgNO, + :iS, -|- 4110 + 8H,0 . 
After evaporation of the excess of HNO, the solution may be treated with 
SCI as an original solution. 

3. A small amount of AgCl with a lai^re amount of HgCl is not dissolved by 
irH,OH , but is reduced to Ag" by the Hg° formed by the addition of the 
HH^OH to the HgCl (558, 6a, 5S9, 10 and 560). 

3. If Hg* be present and Ag is not detected, the black precipitate on the 

■ "" " " O" 
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filter should be dl^eted for some time with (NH,),8 , WBBhed, and botled with 
hot dilute nitric add. The Ag , if any be present, is disBOlved and separated 
from the H^ : 

JJH,HgCl + (NH,),8 + 3H,0 = HffS + NH.Cl + 2NH.0H 

Hg + (NH,),8, = HgS + (HH.),S.., 

4. If only a traee of silver be present, its detection by adding' HITOi to the 
HH.OH Botution of the chloride may fail, unless the excess of the NH.OH be 
first removed by evaporation (because of the solubility of the AgCl in the 
ammonium Ealt,'SK9, Sc). 

5. As B further test for silver, the chloride, precipitated by the nitric acid, 
may be reduced to the metal by zinc; by addinf; to the nmmoniacal solutiim 
a few drops of potassium stannite (S71, fin and w); by warming with grape 
sugar in alkaline mixture. In all cases the well-«'ashed grayish black metal 
may be dissolved in nitric acid as AeNO, . 

B. To identify the acid of silver salts which are insoiiible in BNO,(AgCl. 
AgBr, AgZ). (I) Add metallic zinc and a drop of H,80, : when the silver i» all 
reduced test for the neid in the fillrate. (2) Fuse with Na,CO, , add water, 
'and test the filtrate for acids. (J) Add H~S , or an alkali sulphide, digest 
warm for a few minuten. filter and test filtrate for acids, (i) Boil with KOH 
or NaOH (free from HCl). and test the filtrate in the same manner. It must 
not be overlooked that by the first three methods, and not by the last, 
bromates and iodates are reduced to bromides and iodides (jS57, 6B). 



Thk Tim and Copper Group (Second Group). 
Arsenic, Antimony, Tin, Gold, Platinnm, Ifolybdennm, Herooty, Lead, 
Bismnth, Capper, Cadminm (Ruthenium, fihodiitm. Palladium, Iridinm, 
Osmium, Tungsten, Vanadium, Germanium, Tellurium, Selenium). 

The Tin Group (Second Group, Division A). 
Arsenic, Antimony, Tin, Gold, Platinum, Holybdennm (Iridium, Tungs- 
ten, Vanadium, Germanium, Selenium, Tellurium). 

g69. Arsenic. As = To.O. Valence three and five. 

1. Prop«rtlafi. — Speeifla o>wilg, pure crystalline 5.727 at 14°; amorphous 4.716 
(Bettendorft, A., 1867, 144, 110). Mflling point, at dull red heat, under pressure 
in sealed tube (Landolt, J., 18S9, 182); between the melting point of antimony 
and silver (Mallet. C. A'., 1S73, 36, 97). VoUitiliseg in an atmosphere of coal gas 
without melting at 450° (Couechy, C. N., 1M80, 41, IHB). Vapor demllu (H = 1), 
147.2 (Deville and Froost. C. r., 1863, 86, 891); therefore the molecule is assumed 
to contain four atoms (As,). At a white heat the vapor density is less, hut 
the dissociation is not low enough to indicate Aa, (Mensching and V. Meyer. 
B., 1887, 20, 1833). Arsenic exists in two forms, crystalline and amorphous. 
The crystalline arsenic is steel-gray with a metallic luster, brittle and easily 
pulverizable; forms beautiful rhombic crystals on sublimation with slow- 
condensation. For ductility, malleability, etc., see D., 3, 1, 161. Amorphous 
arsenic is gravish black, of less specitlc gravity than the crystalline; long 
heating changes it to the crystailine form (Engel. C. r.. 1H83. 96, 1314). The 
vapor of arsenic is eitron-yeli'ow (Le Roiix. C. r., IHfiO. 61, 171), with an oppres- 
sive and poisonous alliaceous odor. It is slowly oxidized in moist (not in dry) 
air at ordinary temperature; when heated in the air, it burns with a bluish 
fiamc and becomes the white nrsenoua anhydride. As,0, . The burning metnl 
evolves a strong garlic odor, not noticed when the pvire orsenous anhydride is 
sublimed. In Its physical properties arsenic is a metal, but its failure to act 
aa a base with oxyacids classes it chemically with the non-metallic elements 
(Adie, J. C, 1889. 55, 157; Stavenhagen, Z. itngev>., 1893, 283). Its chief tiae as a 
metal is in mixing with lead for making shot. ^ 
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2. OceuTTMtce. — Arsenic is very widely distributed geographically. Found 
native; as As.O,; as an alloy with other metals, e. g., FeAs, , NiAs , CoHlAs,; 
as real^r, As,S, ; orpiment, A8,S, ; argenical pyrites, FaAsFeS, ; as an arsenate 
in cobalt bloom. Go,(AbO,), ; and in a great variety of minerals. Most sulphide 
ores of zinc and iron contain arseuif, hence arsenic is frequently found in 
tbese metals and in sulphuric acid made from the sulphur, and also in the 
products made therefrom. 

3. Frep&ration. — (i) Reduced from its oxide by igTiition with carbon; SAs,0, 
+ .'iC — Aa, + .^CO, . (2) rrom arsenical pyrites, IFeAsFeS, , by simple igni- 
tion, air being- excluded; 4(F«Aa.FBS,), =. SFeS + As, . (3) From orpiment, 
As.S, , by fusion with sodium carbonate and potassium evanide; 2Aj,8, + 
6Na,C0. + 6KCN = An. + eKa,S + gKC!SO + oCO, . 

4. Oxidea. — Arsenic forms two oxides: arsenons o^tide or anhvdride, Ab,0, 
(Biltz, Z. phys. CA., 1HB6, 19, 383; C. C, 1896, 7D3), and arsenic oxide or anhydride, 
Aa,0, . Arsenous oxide, A«,0, (icAife arsenic, araeruma anhydrUle, araenous aoiA, 
aramie trioxide), is usually prepared by burning arsenic; it may also be prepared 
by heating arsenic iu sulpburic acid till SOi is evolved, or by decomposing 
AsCl, with H,0 . It sublimes easily on gradually beating, forming beautiful 
octahedral and tetrahedral crystals. On suddenly heating under pressure it 
melts, and on cooling forms, the opaque arsenic glass. It is very poisonouB, 
nsunlly producing violent vomiting. One hundred fifty milligrains are coq- 
sidered- a fatat dose for an adult. No acids (hydroxides) of arsenons anhydride 
(oxide) have been isolated; but its solutions with bases form salts, arsenites, 
aa if derived from the meta, ortho. and pyro arsenous acids. The alkali 
arsenites are usually meta compouads; the arsenites of the alkaline earths and 
heavy metals are usually ortho compounds (D., 2, 1. 170). 

Arsenic peiitoxide,'As,0, (arsenic anhiidride, argmtc oxide), is formed by heat- 
ing arsenic acid. H,AaO. (Berzelius, A. Ch., 1819, 11, 2SS). It is a white 
amorphous mass, melts at a dull red heat, is slowly dfUqufgeeat, combining 
with water to form HtAsO, . The pentoxide. Aa,0, , forms three acids or 
hydroxides: metaarsenic acid, HAaO, ^ AsO,(OH); ortho-arsenic acid, 
H.AbO. = A80(0H),: and pyro-arsenic acid, H.Aa.O, = A8,0,(0H),; eacb 
of these forming a distinct class of arsenates with bases. Ortho-arsenic acid Is 
formed by adding water to arsenic anhydride, Ae,0, + 3H,0 = 2H,AsO( , 
or by oxidizing aracDic or arsenic anhydride with nitric acid. PjTO-arsenic 
acid is formed by heating the ortho acid to between 140° and 180°: 2H,AaO, =: 
S,Ae,0, + H,0 . The meta acid is formed by heating the ortho or pyro acid 
to 20rt°: H,AbO, = HAbO, + H,0 (D., I. C). 

.■). Solubilities. — a. — Metal. — Arsenic is insoluble in pure water. It is readily 
attacked by dry chlorine and bromine upon contact and by iodine with the aid 
of heat. Arsenons chloride, bromide and iodide are formed. It combines 
with sulphur, forming from Ab,S, to As,8, . depending upon the proportion of 
sulphur present (Gelis. A. Ch., 1873, (4), 30. 114). Chlorine and bromine In 
presence of water oxidize it. first to HD^enons then to arsenic acid (Millon, 
.1. Cfi.. 1843, (3), e, 101): As, + lOCl, + l(iH,0 = 4H,AbO, + 20HCI . It is not 
attiieked b.v concentrated hydrochloric acid at ordinary temperature and but 
slowly by the hot acid in ])resence of uir fortning As:0, , tben AsCl, ; nitric 
acid readily oxidizes it first to Ab,0, then to B,AsO, ; upon fusion with ENOi 
it becomes K,AsO,: readil.v soluble as H,AsO, by nitrohydrochloric ucid; 
sulphuric ncid. dilute and cold, is without action: with tient and the more con- 
centrated acid Ab,0, Ib formed and the sulphuric ncid is reduced to 80, , 
Ammoninm hydroxide is without action (OuoneK. <'. 1., 1MI2. 114, lIKti). Hot 
>«olillinn of potassium or sodium hvdrnxide dissolves it as arsenlte: Aa, 4* 
4K0H + 4H,0 = 4KAaO. + GH, . 

h. — OxideK. — .Irxriiniis nxiitr exists in two forms, crystalline and amorphous, the 
fmlubilities of which differ considerably (527). At ordinary tempemture 100 
parts of \.-Dter dissolve .1.7 parts of the amorphous and 1.7 parts of the crystal- 
line, several hours being necessary to elTect the solution. lOf) parts of boiling 
water dis-iwlve 11. 4« ports of the amorphous and 10.14 parts of the crvstallino 
oxide in three hours (Winkler. ^7. pr.. 18K5. (2), 31. 247). The presence'of acida 
greatly increases the solubility in water (Schultz-Rellne, B.. 1871. 4. 109). 
Arsenous oxide is readily soluble in alkali hydroxides or carbonates to arsenitea 
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(ClajrtoD, C. N., 18S1, 64; ST). Araenie pentoriiU, Ab,0, , is deligufgcent, soluble 
in water forming: H,AbO, . The meta und pyro acids are easily soluble in 
water forming the ortho acid (Kopp, A. Ch., 1856, (3), 48, 106). 

c. — Baltt. — Arsenic does not act as a base with oxyacids, but its oxides combine 
with the metallic oxides to form two classes of salts, areenltes and arsenates. 
Arsetiitex of the alkalis are soluble in water, nil others are insoluble or only 
partially so: all are easily soluble in acids. Alkali argetmlen. and acid arsienates 
of the alkaline earths, are soluble in water; all are soluble in mineral acids, 
Iniludinff H,AbO, (LeFevre, V. r.. IMSti. 108, lOjM). Bee also under the res|>eo- 
tive metals. 

Arsenous nulpliide, AsjS, , is insoluble in waliT when prepared in the 
drj- vuy; wIil'H prepared in tlic muist way it may be trannformed into tho 
Kolnble colloidal • fnrni by trentnient with pure water, from which solu- 
tions it is precipitated by solutions of most inorfiauic salts (Schulze, J. pr., 
1882 (2), 25, 4;(1). The presence of acids or solutions of salts prevents 
the solubility of Aa„S, in water. Boiling water slowly decomposes the 
sulphide forming Ab^O, and H,S (?'ield, C. N., IStil, 3, 115; Wand, Arch. 
Pkar., 18T3, 203, 296), It is completely decomposed by gaseous HCl form- 
ing AsCl, (Piloty and Stock, B., 1897. 30. lG-19), verj' slightly docompoi'ed 
by hot concentrated aeid (Field, I. c). Chlorine water and nitric acid 
decompose it readily with formation of H^AsO, ; with sulphuric acid 
AsA »»n<l SOj are formed (lio^e, Pogg., 183:, 42, 536). The alkali hy- 
droxides or carbonates dissolve it readily with formation of BAsO, and 
BAsS. (S — K, Ha and NH,) (D.. 2, 1, 183); soluble in alkali sulphides 
and poly -sulphides forming RfAs^S^ , and KAaS, (Berzelius, Pogg., 1836, 
7, 137; Xilsson, /. C, 1872, 25, '>9d). 

Arsenic sulphide, As^Sg , is insoluble in water; soluble in HCl gas, as 
A>Cl, ; insoluble in dilute HCl, soluble in HNO, or chlorine water, aa 
H,AiO, : soluble in alkali hydroxides and carbonates, as B:,A5S4 and 
RjAbOjS : Ai,Sj + «NH,OH = (NH,)3AsS, + (NH,)aA»0,S + 3H,0 (JIc- 
Cay, Ch. '/.., 1891, 15, 47(1): ^^olublo in alkali sulphides, as E,A»S, (Xilsson. 
J.pr., 18T0 (2), 14, 171). 

Arsenous chloride, bromide .md iodide (AbCI, . AsBr, . Asl,) are decomposed 
by small amounts of water into the corrcsijondinff ox.vhaloffen compounds, 
AsOCl , etc. A further addition of water ciceiimposes these compoujids into 
arKenoiiK oxide and the halof^en acids. 

i;. Beactlona.— «.— The alkali hydrozldeB and carbonates unite with orncmnw 
and artirnlr lUirffK (acids), the latter with evolution nf carbon dioxide, forming- 
soluble alkali iirHmiicn and itrsniiitFu. These alkali salts are chiefly meta aree- 
nitcs and ortho arsenates (Bloxam, J. C. imia, 15, SMI; Graham. I'ogg.. 1834, 32, 
47). 

•CuUoidg if a numc Riien toy Graham Ui a close of glue-liko bodicBio dlsUnt-tlon to tho crystal- 
loids, whiLh have a wcll-doflned Bolld form. Tho colloids aro Incleflnitely soluble In water, 
glvlu(cthellttlB-unilerstood"iJScudo-solulloiiB," which stand mldwHy between tho mechanical 
■uapcDBloDOremuls'onand the true solutlun. Qelatine, starch, tho meulllc sulphides, silicic 
acid, and the bydrotldes of iron and alumlDum ure some of the Kiibetances that may tsko on the 
colloid form. The colloid solutions ari' n« a rule broken up by addilion of an odd or a neutral 



§69, 6e. ARSEyic. 59 

6. — Oxalic add does not reduce arsenic acid* (Xaylor and Braithwaite, PJmrm. 
J. Trang., 1883, (.1). 13, 4^4). Potassium feiricTanlde in slknline ablution oxi- 
dizes arsenouB compounds to arsenic compounds, very rapidly when ^ntly 
warmed, c. Hitrlc acid 'readily oxidiKen all other compodnds of arsenic to 
arsenic acid. <j. Hjpophosphitea in presence of concentrated hydrochloric acid 
reduces alt oxycompounds of arsenic to the metallic state. IJ.OOOOl pfram <it 
arsenic may be detected bv boilin|t with 10 ce. stronjf hydrochloric acid and 0.^ 
RTom calcium hypophosphite (Enfirel and Bernard, ('. r., 1R!H>, IBZ, :i»0: Thiele 
and Loof. C. C, imt), 1. 8T7 and 1078; and Ilaper, ./. C, 1874, Z7, BBB). 

e. — HydrosnlplLuric acid precipitates thu lemon-yellow rirxenovs sulphuJi; 
ASjSj , from aoiclnlated solutions of arsenous acid, Tho precipitate fonn? 
in presonco of concentrated hydrochloric acid. Citric acid and other 
orgnnic compounds hinder the formation of the precipitate, hut do not 
wholly prevent^ if if strong hydrochloric acid be present. Nitric acid 
should not be present in strong excess as it decomposes hydrosulphuric 
acid, with precipitation of sulphur. 

In aqueous solutions of arsenoiis acid the sulphide forma more as & 
yellow color than as a precipitate, being soluble to tiulte an extent in pure 
water, especially when boiled (5r) ; ASjS, + 3H;0 = ASjO, + 3H,S . This 
has been given as a method of separating arsenous sulphide from all other 
heavy metal sulphides (Clermont and Fromniel, •/. C, 1879, 36, 13). The 
precipitate is not formed in solutions of the arsenites except upon aeidu- 
lation. Alkali sulphides produce and, by further addition, dissolve the 
precipitate (ar) : 

Aa,0, + 3(KH.),S + :iH,0 = Aa,S, + flNH.OH 
Aa,S, + 2(NH.),S = (NH.).Ab,S, or Ab,S, + (NH,).S = 2NH.AaS, 
Arsenous sulphide is also soluble in alkali hvdro.xides and carbonates, 
forming arsenites and thioarsenites (5r). The thioarsenites are precipi- 
tated by acids forming Ab.S.t : (NH,),Ab2S, + 4HC1 = As,Sn + 2H,S -j- 
4HH,C1 or aNH^AsS; + 2HC1 — As^S, + H^S + 2NH,Cl . 

The noluhilitii of the sidphides of arsenic in yellow ammonium suJphi'k ^ 
ppparafcs arsenic with antimony and tin from the other more common , 
metals of the second group; and the solubility in ammonium carlmnate 
effects an approximate separation from antimony and tin (llager, /, C, 
IRS.-i. 48, S.'SS), Arsenous sulphide is soluble in solutions of alkali sul- 
phites containing free sulphurous acid (se)tarfltion from antimony and 
tin): 4A8,S, + 32KHS0, = SKAsO, + 12K,SA + 3S, + USO, + lOH^O. 
It may also he separated from antimony and tin by trailing with strong 
hydrochloric acid, the Am.S^ remaining pnietically insoluble; the sulphides 
of antimony and tin being dissolved. It is easily dissolved by strong 

•PstmuJUard IPharm.J. IVmw.. 1IW3. i3.,IS,3Ki clnlmsthc reduction of A»» to Ai"'bj-oialio 
acid: andHasertCC, l»e,(BIOi reports nraiocogcopiottBtforarsenic by rertuotlon to metallic 
anenlc on boiUng wltb oxalic am] sulpburlc acids. EtperimentB In tbe autbnr^' lahoratury fftll 
toconflmi tbese remiltB. 

- - '!{lc 
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nitric acid, and by free chlorine or nitrohydrochloric acid, as arsenic acid : 
6As,.S„ + 20HKO, + 8H,0 = 12H,AbO, + 98^ + 30H0 ; 2As,S, + lOCl, 
+ I'dHjO = 4H,AaO, + 38, + aOHCl . Usually a portion of the sulphur 
is oxidized to sulphuric acid, completely if the nitric acid or chlorine be in 
great cxcefia and heat be applied: ASjS, + liClj + SOH^O = 2H,AsO, + 
3H,S0, + 28HC1 . 

Arsenic pentasulphide, As^So , is formed by passing H,S for a long time 
into a solution of alkali arsenate and then adding acid (McCay, Am., 1891, 
12, 547); by saturating a solution of arsenic acid with HjS and placing, in 
stoppered bottle, in boiling water for one hour; or by passing a rapid 
stream of H,S into an HCl solution of H^AsO^ (Bunsen, ^4., 1878, 192, 305; 
Brauner and Tomicek, J. C, 1888, 63, 146); 3H,AsO, + 5H,S + xHCl = 
A>j8s + 8HjO + xHCl . Carbon disulphide extracts no sulphur from the 
precipitate, indicating the absence of free sulphur. The presence of 
FeClj, or heating the solution does not reduce the ASiS, to A»j% . It there 
be a small amount of HCl and the HjS be passed in slowly about 15 per 
cent of As,8, is formed: 2H,AbO, + 5H,S + xHCl = A«,S, + S, + 
8H,0 + xHCl , If irH,Cl be present more ASjSj is formed. According 
to Thiele (C. C, 1890, 1, 87'?), arsenic acid cold treated with a slow stream 
of HjS gives arsenous sulphide, while the hot acid with a rapid stream of 
the gas gives the pentasulphide. Arsenic sulphide has the same solubili- 
ties as arsenous sulphide. When distilled with hydrochloric acid gas 
arsenous chloride is formed (AsCl, is not known to exist). The solutions 
in the alkali hydroxides, carbonates and sulphides form arsenates and 
thioarsenates (5r). Ammonium snlphide added to a neutral or alkaline 
sojution of arsenic acid forms arsenic sulphide which remains in solution 
as ammonium thJoarsenatc {5c). The addition of acid at once fonns 
arsenic sulphide, not arsenous sulphide and sulphur. The reaction is 
much more rapid than with hydrosulphuric acid and is facilitated by 
warming. 

Armne, AaH , , does not combine with hydrosulphuric acid until heated 
to 930", while stihiite, SbH, , combines at the ordinary temperature (Brunn, 
B., 1SS9, 22, 3302). 

Acidulated siilutioni^ of arsenic boiled with thiosnlp hates form arsrnovs 
sulphide (sepiinUinn from Sb and Sn) (Tjessor, Z.. 1S8S. 27, 218). Arsenic 
may be removed from sulphuric neid by boiling with liarimn thiosulphate 
and no foreifrn material is introduced into the acid; A8„0^, + 3BaS„0, — 
Ab,S:, + 3BaS0^ ; 2H,AbO, + 5Na,S,0, = As,&, + r,ll&.io, + S, + 3H=0. 
(Thorn. /. C, ]S:(!. 29, .117; Wagner. Dinal, IST.'i, 218. 321). 

Sulpbnrons acid readily reduces arsenic acid to arsenous acid: H.AsO, + 
H.80, — H:,A80, + H^SO, (Woehlcr. A., 1839. 30, 224). 

f. — The arsenic from all arsenical compounds treated with concentrated 
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hydrocliloric acid and then distilled in s current of hydrocliloric acid gas, 
passes into the distillate as arseiious chloride, AsCl, . Nearly all of the 
arsenic will be carried over in the first 50 cc. of the distillate. This is a 
verj- accurate quantitative sepnnition of arsenic from antimony and tin 
and from other non-volatile organic and inorganic material. The AsCl, 
passes over at 132°, condenses with HCl and may be tested with SnCl, 
(y), or, after decomposition with water (Sc) by the usual tests for ai-senous 
acid (Hufschmidt, B., 1884, 17, 2245; Beckurts, Arch. Pharm., 1884, 222, 
684; Piloty and Stock, B., 1897, 30, 1649). 

HydrobTOiilic ftoid in dilute solutions is without action upon the acids 
of arsenic. The concentrated acid reduces arsenic acid to arsenous acid: 
HjAiO, + 2HBr = H,AsO, -f Br, -{- H^O . Eydriodio aoid reduces 
arsenic acid to arsenous acid with liberation of iodine. This is a method 
of detecting Ab^ in the presence of Ab'". 0.0001 gram of H^AsO^ may be 
detected in the presence of one gram of As^O, : SHjAsO, -|- 4HI ^ AijO, 
+ 21, +. 5H,0 (Naylor, /. €., 1880, 38, 431). 

Chloric and bromlc &clds oxidize arsenous componDds to araenic ac!d with 
formation of the correaponding hydracid: 3Aa,0, + !H3rO, + 9H,0 = 
6H,AsO, + SHBt . Iodic acid oxidizes arsenous compounds to arsenic acid 
with liberation of iodine: 5Ab,0, + 4HIO, + 13H,0 ^ 10H,AbO, + 21, . 

!7.— Stnnnoiu chloride, SnCl, , reduces all compounde of arsenic from their 
licit concentrated hydrochloric acid solutions, as Hocculent, black-brown, metal- 
loidal argenic, containing three or four per cent of tin. The arsenic, In solution 
with the concentrated hydrochloric acid, actit hs arsenous chloride: 4AaCl, + 
eSnC], = As, + oSnCl, . The hydrochloric acid should be 85 to 33 per cent; if 
not over 15 to 20 per cfnt, the reaction is slow and imperfect. 

In a wide test-tube place 0.1 to 0.2 frram of the (oxidized) solid or solution 
to be tested, add about 1 ^Tam of sodium eltlorlde, and a or 3 cc. of aulphurie 
avid, then about 1 gram of crystallized staHtwug ehloride: agitate, and beat to 
boiling several times, and set aside for a few minutest. Traces of arsenic give 
only a brown color: notable proportions give the floeciilent precipitate. A 
dark gray precipitate may be due to mercury (358, fig), capable of being gath' 
ered into globules. If a precipitate or a darkening occurs, obtain conclusive 
evidence whether it contains arsenic or not. as follows: Dilute the mixture 
with ten to fifteen volumes of about 12 per cent hydrochloric acid: set aside, 
derniit: gather the precipitate in n wet filter, wash it with a mixture of hydro- 
chloric acid and alfohol, then with alcohol, then with a little ether, and dry in 
a warm place. A portion of this dry precipitate is now dropped into a small 
hard-gluBS tube, drawn out and closed at one end. and healed in the flame; 
arsenic is identitled by its mirror (7). easily distinguished from mercury 
(SSSf i). Antimony is not reduced by stannous chloride: other reducible 
mei.ilH give no mirror in the reduction-tiilie. Small proportions of orgnni 
mnlerial impair the delicacy of this reaction, but do not pre 
especially applicable to the hydrochloric acid distillate, obtained 
of arsenic, according to t- 

A.— Chromatea boiled with argpnilm and sioiiium bicarbonate give chromium 
aranmte (Tarugi, J. C, 1896, 70, ii, 340 and 390). 

(.- 'Hagneslum salts with ammonium chloride and ammonium hydroxide 
precipitate from sohitions of arsenates. mngncsUim ammonium araennU-. 
VLg^^.A^O, , white, easily soluble in acids. The reagents should be first 
mixed together, and used in a clear solution {" magneitia mixture") to make 
sure that enough ammonium salt is present to prevent the precipitation of 
rpaf^iesiiim hydroxide by the ammonium hydroxide. The crystalline precipi- 

_ - - O " 
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tate forms slowly but completely. Compare with the corresponding magueBium 
ammonium phoRphate ($189, 6rf). ilaynt»iiim urKenile is insoluble in water, but 
is ROluble'in ammonium hydroxide and in ammonium chloride (distinction from 
arsenates). 

/. — Silver nitrate solution precipitates from neutral solutions of araenites, or 
ammonio-silver nitrate' precipitates from a water solution of arseuoiiK oxide, 
ilUer nrKCMiff, As.AbO, , yellow, readily soluble in dilute aekls or in ami 
hydroxide (859, Ui»). Neutral solutions of arneniileti are precipitated a 
arsenate, Aff.AsO, , reddish brown, hiving the sume solubilities as the a 

k. — Copper solphate soliitiou precipitates from neutral solutions of ar 
or ammonio-copper NUlphate (prepared in the same manner at 
silver oxide described above) preoipi tales from water solutions of arseuotis 
oxide, the unrrt copper urfeiiile, CtiHAaO, (Scheele's trreen), soluble in ammo- 
nium hydroxide and in dilute acids. Copper acetate, in boiling solution, pre- 
cipitates the green cupper acetii-arneniU- (CnOAa,0,),Cu(C,H,Oj), (Schweinfurt 
green), soluble in ammonium hydroxide and in acids. Both these salts are 
often designated as I'aris green (S77, flfl)- Copper sulphate with excess of free. 
alkali is reduced to cuprous oxide with formation of alkali arsenate (10). 
K,A^, + 2CtiS0. + 4K0H = K,AsO. + 2K,S0, -f- CtijO -|- 2H,0 . Solutions 
of arsenates are precipitated by copper sulphate as copper araeniite. Cu&AaO, , 
greenish blue, the solubilities and condition^' of precipitation being the same 
as for the araenites. 

(. — Ferric salts precipitate from araenites. and freshly precipitated ferric 
hydroxide (used as an antidote, Wormley, 246), forms with arsenoun oxide, 
variable basic ferric arsenites, scarcely soluble in acetic acid, soluble in hydro- 
chloric acid. Water slowly and sparingly dissolves from the precipitate the 
arsenouB anhydride: but a large excess of the ferric hydroxide holds nearly all 
the arsenic insoluble. To some extent the basic ferric arsenites are trans- 
posed into basic ferrous arsenates, insoluble in water, in accordance with the 
reducing power of arscnoua oxide. In the presence of alkali acetates, arsenic 
acid, or acidulated solutions of arsenates, are precipitated by ferric salts as 
ferric arsenate, FeAsO, , yellowish white, insoluble in acetic acid (compare 
!126, 6<f). 

M.—Ammonium molybdate. (NH,).ICoO, , in nitric acid solution, when slightly 
warmed with a solution of arsenic acid or of arsenates gives a yellow precipi- 
tate of ammoniam arHfno-molybdate, of variable composition. No precipitate is 
forme<i with As"'. This precipitate is very similar in appearance and proper- 
ties to the ammonium phospho-molybdate; except the latter precipitates com- 
pletely in the cold. 

G'. Special Beactions. a. — Harsh'a Test.— Arsenic, from all of it.i solu- 
ble compounds, is rcdiicet! by the aetioo of dihitt' Kulplitiric or hydrochloric 
acid on zinc, forming at fir.it metallic arsenic and then arsenous hydride. 
AbH^, gascotis: ASjO, + (JZn + 6H„S0, — SAsH, + 6ZnS0^ + 3H„0 ; 
E^AaO« + 4Zn + 4H,80, — AsH., + 4ZnS0^ + 4H,0 . The arsenic is 
precipitated with the other metals of the second frroup by hydrogen 
ETilphide, separated with antimony, tin (gold, platinum and raolybdentim) 
by yellow ammonium sulphide. This solution is precipitated by dilute 
hydrochloric acid and the mixed sulphides, well ica^/ted,! are dissolved in 
hydrochloric acid using as small an amount of potassium chlarate crj'stals 
as possible. The solution is boiled (till it does not bleach litmus paper) 

•Prepareil by addlnft omraonlmn hydroxide toaHolutlonot silver nitrate till the precipitate 
at first produced la nfarly all redlBSolvcd, 

t irthe ammonium sallaare not thoroughly removed by Hsstilog there is danger ot the foi^ 
matlon of the very explosive chloride of nitrogen (i SSI*. 1) when the preulpltkte Is treated 
With b}'drDChlorlc acid nni] potosBlum chlorate. 



; excess of chlorine and is then ready for the HaTBh apparatus. 
This apparatus consists of a strong Erlenmcyer flask of about 125 cc. 
capacity fitted with a two hole rubber stopper. Through one hole is passed 
a thistle (safety) tube, reaching nearly to the bottom of the flask; in the 
other is fitted a three-inch Marchand calcium chloride tube, which projects 
just through the stopper and is filled with glass-wool and granular calcium 
chloride to dry the gases generated in the flask. To the other end of 
the Marchand tube is fitted, with 'a small cork or rubber stopjior, a piece 
of hard glass tubing of six mm. diameter and one foot long. This tube 
f>hould be constricted one-half, for about two inches, beginning at the 
middle of the tube and extending toward the end not fastened to the 
calcium chloride tube. The outer end of the tube should also be con- 
stricted to about one mm. inner diameter. A short piece of rubber tubing 
should connect this constricted end with a piece of ordinan- glass tubing, 
dipping into a test tube about two-thirds filled with a two per cent solu- 
tion of silver nitrate. The rubber tubing should make a close joint with 
the constricted end of the hard glass tube, and yet not fit so snug but that 
it can be easily removed. 

From 10 to 20 grams of granulated siac " are placed in the flask with 
sufficient water to cover the end of the thistle tube. Four or five cubic 
centimeters of reagent sodium carbonate are added and the stopper 
tightly fitted to the flask. Dilute sulphuric acid (one of acid to three of 
water) should now be added, very carefully at first,t until a moderate 
evolution of hydrogen is obtained. 

The hydrogen should be allowed to bubble through the silver nitrate 
for about five minutes. There should be no appreciable blackening of 
the solution (§59, 10), thus proving the absence of arsenic from the zinc 
and the sulphuric acid. The purity of the reagents having been estab- 
lished the solution containing the arsenic may be added in small amounts 
at a time through the thistle tube. If arsenic be present there will be 
almost immediate blackening of the silver nitrate solution. 

6AgN0, + AeH, -f .')H,0 = liAg + H,AsO, -|- RHKO, 

The hard glass tnbe should now be heated J to redness by a flame from 

*The EiDO ftndall tbe reagents should beabsolutal]' free trnm arsenic If the zino be strictly 
chemlosUy pure It win bo but slowly attacked by the acid. It sboutd be platinized <fal9, in) or 
sboDld coDtaiQ traces of troD. HoteM. Cft., IBSl. {flj.3. lil) remavea arson Eu from r.lnc by addlne 
anhydrous KbCI, to the molten metal. AaCI, Is evolved. The zlno purlQed In thia way is 
leadily nttAcked by aclda. 

t The ttcld fltst added dpcomposes tbe alkali carbonato formlnii; carbon dioxido whlnh rapidly 
displaces the air and grently lesaeas the daogier of explosion when the gaa is ignited. It too 
much acid be added boforo tbe carbonate is decomposed violent frothing may take place and 
the liquid ooDt«nts of the flask foroed Into the calcium chloride tube. 

I Before beatlns the tube or l^nltlog the gas. a towel should be wrapped around the Qaak to 
Insure safety In case of an explosion dne to the Imperfect removal of the sir ; or the tube con- 
necting tbe hard Klass tube with the Harcband tube should be of larger size and provided t^th 
aplngof wiregauie (madeof WorJOolrclesoCgaaze ttie size of the tube). O' 



64 AR8ENIC. §69, 6'b. 

a Bimsen burner prOTJded with a flame spreader. The flume should be 
applied to the tube between the ralcium ohloride tube and the constricted 
portion. The tube should be supported to prevent sagging in case the 
glass softens, and it is customary to wrap a few turns of wire gauze around 
the portion of the tube receiving the heat. The heat of the flame decom- 
poses the arsine and a mirror of melallic arsenic is deposited in the con- 
stricted portion of the tube just beyond the heated portion. This may 
bo tested as described under c 1. When a sufficient mirror haa been 
obtained the flame is withdrawn, and, removing the rubber tube, the 
escaping gas * is ignited. 

b. Arsenoiu Hydride (arsine), AbH, , burns when a stream of it is ignited 
where it enters the air, and explodes when its mixture with air is ignited. 
It hums with a somewhat luminous and slightly bluish flame (distinction 
from hydrogen); the hydrogen being first oxidized, and the liberated 
arsenic becoming incandc scent, and then undergoing oxidation; the vapors 
of water and arsenous anhydride pa.tsing into the air: 3A>H, + 30, := 
■A^iOs + 3HjO . If present in considerable quantity a white powder may 
be observed settling on a piece of black paper placed beneath the flame. 
If the cold surface of a porcelain dish be brought in contact with the 
flame the oxidation is prevented and lustrous black or brownish-black 
•pots of meiaUir arsenic are deposited on the porcelain surface; 4AbH, + 
30, ^ A», -f- GHjO . A number of spots should be obtained and all the 
tests for metallic arsenic applied. The arsenic in the silver nitrate solu- 
tion is present as arsenous acid and can be detected by the usual tests (6e) 
by first removing the excess of silver nitrate with dilute hydrochloric acid 
or calcium chloritle. 

To gTiierate nrwine. magnpsiiiin or iron t may be used, instead of /Ine. and 
hydrochloric acid inatoad of sulphuric acid. Arsine cannot be formed in the 
prfsence of oxidizirjt agents as the halogrens, nitric acid, chloratea. hypi>- 
chloriteB. etc. ArsiniTretted hydrogen (arsine) may also be produced from 
<ir"'Hf)Vii eompoHiitln by nascent hydrog-en generated in alkaline solution. Sodium 
aniiilgnni.t zinc (or zinc and maRneaiuiu) and potftssium hydroxide or alumi- 
num and potnKKium hydroxide mny be used hk the reducinp: npenl. There is 
no reaction with AbV , or with compounds of antimony (870, Gj): hence vrhen 

• ArBlnu IB an picoeilln)rlj- polgonoue ge&. the Inhalation of the unmlxral gas bolDg tiuickly 
fatHl. ItnitlSBOmiiuitloiiIri thealrof IholiitKjraWry.eveoln Ibe bihbH portliins which aro not 
apiirc'uisliiy polBonoua, »houW be avnldcrt. Furthermam, as It la n-eoKnlKPc! or licterminiwl. In 
IIPvarlouaannl}-tlcnlreBOlloiiB,onlybylts(lcoompoaltlon. toporralt IttoeBcspe uiidecomposed 
[8 9'ifartoralllntheohJoctoCitBnrociuctlon. Theevolvoil ifas shoulrl he constantly nm Into 
illvcr nltiati- mlutlon, nr kept tiumlntr. 

tAri-ordlniTtoThlnlcK'. r., ISWI, 1, HTTP nrsonic may In- scparateil from iintlniony In the Marsh 
tost l.y UBlnR elect rolytli-Blly depositor] Iron Instead of ninr. Stlblne is not evolved. According 

Iron fontalnlnir arwnii'. but IC sei cral ifraras of zinc bo added a very small araounl of arsenic In 
the Iron mny l>c detected, 

; Sodium omalKam Is conveniently prepared by adiUng- (In small piecea at a timol one part of 
BtidiuiE to elRht parts (by wclgbll of dry mercury warmed on the water bath. When cold the 
amaliram t)ecomes solid uid Is easily broken. It should be preseired In well stoppered bottles. 

- O" 
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tative work (Hager, J C, 1HS5, 48, 838; Johnson, C. .V., 1S78. 38, 301; and Clark. 
J. C, 1893, 63, SB-t). 

If ferrous sulphide contains metallic iron and nrsc 
erated with the hydrofren sulphide. It cannot be r 
(ToBes with hydrochloric acid (Otto, B., lBb;i, 16, 2947). 

Araine does not combine with hydrogen sulphide nntil heated to 230°, while 
'liliini; SbH, . combines at ordinary temperature (method of separation) 
liininn, B., 18S!>, SS. 3303; Myers, J. ('., 1871, 24, MKy). As dry hydropfen sul- 
phide is without action upon dry iodine, it may be freed from arsine by passing- 
the mixture of the dried gnses through a tube filled with giaBs wool inter- 
>.l)erHed with dry iodine. AbH, + 31, = Aal, + -IHI (,TacobBon, B.. 1B87, 20, 
I'JBB). ArsenouH hydride is decomposed by pnssinp through a tube heated to 
redness (mirror in Mar!;h test) 4A8H, ^ As, + OH, , Xitric acid osidizes it 
to arsenic acid, 3A»H, + RKNO, = SH.AsO, + BNO + 4H,0; and may be used 
instead of silver nitrate to effect a separation of arsine and stibine in the 
Marsh test. The nitric acid solution is evaporated to dryness and the residue 
thoroughly washed with water. Test the solution for arsenic with silver 
nitrate and ammonium hydroxide (A^tAsO, , reddish brown precipitate, 6/). 
Dissolve the residue in hydrochloric or nitrohvdrochioric add and test for 
antimony with hydrogen sulphide (Ansell, J. C.,'l853, 5, SIO). 

c. — Compariun of the mirron and spots obtained vith arsenic and anti- 
mony. — 1. Both the mirror and spots obtained in the Marsh test e-thibit 
the properties of elemental arsenic (5a). The reactions of those depositu 
having analytical interest are such as distinguish arsenic from antimony. 



Absexic Mirror. 



AsTiMONT Mirror. 



Deposited beyond the flame; the Deposited before or on both aides 

gas not being decomposed much he- of the flame; the gas being decom- 

W a red heat. posed considerably below a red heat. 

Volatilizes in absence of air at The mirror melts to minute glob- 

■ioQ' (1), allowing the mirror to be ules at 432°, and ia then driven at 

driven along the tube; it doe^ not a red heat. 

melt. 



By vaporization in the stream of 
gas, escapes with a parlic odor. 

By slow vaporization in a cur- 
rent of air a deposit of octahedral 
and tetrahedra! crj'stals is obtained, 
forming a white coating soluble in 
water and giving the reactions for 
arsenoQs oxide. 



The vapor has no odor. 



By vaporization in a current of 
air, a white anioqihous coating is 
obtained; insoluble in water, soluble 
in hydrochloric acid, and giving re- 
actions for antimonous oxide. 

-- '8lc 
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The beatod mirror combines with 
hydrogen sulphide, forming the 
lemon-yellow arsenous sulphide, 
which, being volatile, is driven to 
the cooler portion of the tube. 

The dry sulphide is not readily 
attacked by dry hydrochloric acid 
gas (6/). 



Arsenic Spots. 
Of a steel gray to black lustre. 



The heated mirror combines with 
hydrogen sulphide forming the 
orange antimonous sulphide, which 
is not readily volatile. 

The sulphide is readily decom- 
posed by dry hydrochloric acid gas, 
forming antimonous chloride which 
is volatile, and may be driven over 
the unattaeked arsenous sulphide. 

Antimony Spots. 
Of » velvety brown to black sur- 



A'olatile by o.xidation to arsenous 
oxide at 218°. 

Dissolve in hypochlorite.* 
Warmed with a drop of ammon- 
ium sulphide form yellow spots, 
soluble in ammonium carbonate, in- 
soluble in hydrochloric acid (6«). 

With a drop of hot nitric acid, 
dissolve clear. The clear solution, 
with a drop of solution of silver 
nitrate; when treated with vapor of 
ammonia, gives a brick-red precipi- 
tate. 

The solution gives a yellow pre- 
cipitate when warmed with a drop 
of ammonium molybdate. 

With vapor of iodine, color yel- 
low, by formation of arsenous 
iodide, readily volatile when heated. 



Volatile, by oxidation to anti- 
monous o.xide, at a red heat. 

Do not dissolve in hypochlorite. 

Warmed with ammonium sul- 
phide, form orange-yellow spots, in- 
soluble in ammonium carbonate, 
soluble in hydrochloric acid (§70. 
,6c). 

With a drop of hot dilute nitric 
acid, turn .white. The white fleck, 
by action of nitric acid treated with 
silver nitrate and vapor of ammo- 
nia, gives no color until warmed 
with a drop of ammonium hydrox- 
ide, then gives a black precipitate. 

With the white fleck no further 
action on addition of ammonimii 
molybdate. 

With vapor of iodine, color more 
01* less carmine-red, by formation 
of antimonous iodide, not readily 
volatile by heat. 



*The li7po«blorlM reisent. uaually NaClO, detnmposea In tha >1t and Ughl on ttandliui. 
It Bbould InBtaoUy and perfoctlj- bleacb Utmus pai>er (not redden It). It dltaotves araeolc b; 
oxldatton to araenio acid. Aa. + lasiaClO -i- eH,0 — iH(AH>, + lOlCwOl, _ . 



2. To the spot obtained on the ]>oreolain surface, add a few drops of 
nitric acid and heat; then add a drop of ammonium molvbdate. A yellow 
precipitate indicates arsenic. Antimony may pive a white precipitate 
with the nitric acid, but gives no further change with the ammonium 
molybdate (Deniges, C. r., 1890, 111, 824). 

3. Oxidize the arsenic spot with nitric acid and evaporate to dryness. 
Add a drop of silver nitrate or ammonio-silver nitrate (6;). A reddish- 
brown precipitate indicate.* ar.-enic. 

4. After the formation of the mirror in Marsh's test the generating 
flas^k may be disconnected and a stream of dry hydrogen sulphide passed 
over the heated mirror. If the mirror consists of both arsenic and anti- 
mony, the sulphides of both these metals will be formed, and as the 
arsenous sulphide is volatile when heated, it will be deposited in the cooler 
portion of the tube. The sulphides 1>eing thus separated can readily be 
distinguished bv the color. If now a current of dry hydrochloric acid 
^as be substituted for the hydrogen sulphide the antimonous sulphide 
vrill be decomposed to the white antimonous chloride which volatilizes and 
may be driven past the unchanged arsenous sulphide (He). 

5. The tube containing the mirror is cut so as to leave about two inches 
on each side of the mirror and left open at both ends. Incline the tube 
and beginning at the lower edge of the mirror gently heat, driving the 
mirror along the tube. The mirror will disappear and if much arsenic 
be present a white powder will I>e seen forming a ring just above the 
heated portion of the tube. This powder consists of crystals of arsenous 
oxide, and should be carefully examined under the microscope and iden- 
tified by their crystalline form (Wormley, 270). 

6. The crj'stals of arsenous oxide obtained above are dissolved in water 
and treated with ammonio-silver nitrate forming the yellow silver arse- 
nite (fi;): or with ammonio-copper sulphate forming the green copper 
arsenite (GA-) (Wormley, 25ft). Any other test for arsenous oxide may be 
applied as desired. 

7. Magnesia mixture (Ct) is added to the solution of the mirror or spots 
in nitric acid. A white crystalline precipitate of magnesium ammonium 
arsenate, IfgNE.AsO, , is formed (Wormley, 3ie). 

d. — BeiiiBch'B Teat.— If a soinlion of arsenic be boiled with hydrochloric acid 
and a strip of brig'ht copper foil. Ihe arsenic is deposited on the copper as a 
gray film. Hoger (C. C, 1886, G8U) recommeDdB the use of brass foil instead of 
copper foil. When a large amount of arsenic is present the coating of arsenic 
separates from the copper in scales. The film does not consiBt of pure metallic 
arsenic, but appears to be an alloy of arsenic and copper. Arsenous compounds 
are reduced much more readily than arsenic compounds. The hydrochloric 
acid should compose at least one-tenth the volume of the aolution. The arsenic 
iB not deposited if the acid ia not present. This serves as one of the most 
satisfactory metbode of determining the presence or absence of arsenic in 
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hydrochloric acid. Dilute the concentrated acid with fire parts of water and 
boil with a thin strip of bright copper foil. A trace of arsenic if present will 
soon appear on the foil. For further identification of the deposit, wash the 
foil Avith distilled water, dry, and heat in a hard glass tube, as for the oxida- 
tion of the arseoic mirror (6'r, J). The crystals may be identified bj the mic- 
roscope and by any other tests for arsenous o7(ide. It Is important that the 
surface of the copper should be bright. This is obtained by rubbing the sur- 
face of the foil with a file, a piece of pumice or Kond-paper just before usin;;. 
The popper should not contain arsenic, but if it does contain a small amount 
no film will be dppositeil due to its presence unless agents are present which 
cause partial solution of the foil. If a strip of the foil, upon boiling with 
hydrochloric acid for ten minutes, fshows no dimming of the brightness of 
tlie copper surface; the purity of both ncid and copper may be relied upon for 
the most exact work. .\n1imoDy. mercury, silver, bismuth, platinum, palladium 
and gold arc deposited upon copper when boiled with hydrochloric acid. Under 
certain conditions most of these deposits may closel.v resemble that of arsenic. 
Of these metals mercury is the only one that forms n sublimate when heated 
in the reduction tube (7). and this is readily distinguished from arsenic l>y 
examination under the microscope. Antimony may be volatilized as an amor- 
phous powder at a very high heat. Organic materi.il may sometimes give a 
deposit on the copper which also yields a sublimate, but this is amorphous and 
does not show the octahedral crvstals when examined under the microscope 
(Wormley. 2(19 and iT.; Clark. ./. C, 1S93, 63, 88G), 

e.— Detection in Case of FoiBonlng.— Arsenic in its various compounds is 
largely used as a poison for bugs, rodents, etc., and frequently cases arise of 
accidental arsenical poisoning. It is also used for intentional poisoning, chiefly 
suicidal. It is usually taken in the form of arsenous oxide (white arsenic), or 
"Fowler's Solution" (a solution of the oxide in alkali carbonate). One hun- 
dred ilfty to two hundred millifrrams (two to three grains) are usually sufficient 
to prodnce death. Violent vomiting is a usual symptom and death occurs in 
from three to six hours. In cases of suspected poisoning vomiting should be 
induced as soon as possible by using on emetic followed by demulcent drinks, 
or the stomach should be emptied by a stomach pump. Freshly prepared ferric 
hydroxide is the usual antidote, of which twenty-five to fifty grams (one to 
two ounces) may be given. The antidote may be prepared by adding magnesia 
(magnesium oxide), ammonium hydroxide, or cooking soda (sodium bicarbo- 
nate) to ferric chloride or muriate tincture of iron: slraining in a clean piece 
of muslin, and washing several times. If magnesia be used it is not necessary 
to wash, ns the magnesium chloride formed is helpful rather than injurious. 
A portion of the ferric hydro.'dde oxidizes some of the arsenous compound, 
being itself reduced to the ferrous condition, and forming an insoluble ferrous 
arsenate. When the ferric oxide is in excess the ferrous arsenate does not 
appear to be acted upon by the ncids of the stomach. Of course it will be seen 
that the ferric hydroxide will have no effect upon the arsenic which has 
entered into the circulation. 

It frequently becomes necessary for the chemist to analyze portions of sus- 
()ected food, contents of the stomach, urine; or, if death has ensued, portions 
of the stomach, intestines, liver, or other parts of the body. At first a careful 
examination should be made of the material at hand for solid white particles, 
that would Indicate arsenous oxide. If particles be found they can at once be 
identified by the usual tests. Liquid food or liquid contents of the stomach 
should be boi'ed with dilute hydrochloric acid, filtered and washed and the 
filtrate precipitated with hydrogen sulphide, etc. When solid food or portions 
of tissue are to he analyzed, it is necessary first to destroy the organic material. 
Several methods have been proposed; 

(1) Hethod of Fresenlus and Babo.— The tissue is cut. In small pieces and 
about an equal weight of pure hydrochloric acid added to this, enough water 
should be added to form a thin paste and dilute the hydrochloric acid five or 
six times. The mass is heated on the water bath and crystals of potassium 
chlorate added in small amounts at a time with stirring until a clear yellow 
liquid is obtained containinK a very smalt amount of solid particles. The 
heating is continued until there is no odor of chlorine, but concentration ibould 

" " O" 
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be avoided by the addition of water. Tlie Boliition should b* cooled and filtered; 
the arsenic now beinp present in the liltrate ns arRenic ociti. Tiiis solution 
isbould be treated with Dodiiim bisulphite or Kulphiir diorciilc to reduce tha 
arsenic acid to arnenous acid and then the arsenic may be preeipitatecl wilh 
hfdru^eu sulphide. It ia advisable to pasa the hydrogen sulphide throi^h the 
warm liquid for twenty-four hours to inaure complete precipitation. .\ yi'l- 
lowiEh precipitate of or^nic matter will usually be obtained even if arsenio 
be absent. The precipitate shonid be filtered, washed, and then diBSolved in 
dilute ammonium hydroxide, which separates It from other sulphides of the 
silver, tin and copper proups, that may be present. A portion at least of the 
precipitated org'anic matter will dissolve in the ammonium hydroxide. The 
iillnite should be acidulated with hydrochloric acid, 'filtered and washed. 
Dissolve the precipitate In concentrated nitric acid and evapcrat-e to dryness. 
RedissoWe in a small amount of water, add a drop of nitric aci'l. filter and test 
the filtrate by Marsh's test or any of the other tests for arsenic. 

(2) Hydrochloric acid diluted alone may be used for the disintcfrratinn of 
the soft animal tisHues. The solution will usually be dark colored and viscons 
and not at all suited for further treatment with hydrogen sulphideT but may 
be nt once subjected to the Reinscb test (B'd). 

(S) Hatliod of Danger and Flandin. — The tissue may be destroyed by heat- 
ing in a porcelain dish wilh about one-fourth its weight of concentrated sul- 
phuric acid. When the moss becomes dry ajid carbonaceous it Is cooled, 
treated with concentrated nitric acid and CTaporated to dryness. Moisten with 
water, add nitric acid, and again evaporate to dryness; and repeat until the 
mass ia colorless. Dissolve In a small amount of water nnd test for arsenic by 
the usual testa. This method is objectionable if chlorides are present as the 
volatile arsenouH chloride will be formed. 

(4) Method by dlstlllatloii with hydrochloric aeid. The finely divided tissuo 
is treated, in a retort, with its own weight of concentrated hydrochloric acid 
and distilled on the sand bafh. Salt and sulphuric acid may be nsed instead of 
hydrochloric acid. A receiver containing a a-nall amount of water is connected 
to the retort and the mass distilled nearly to dryness. If preferred, gaseous 
hydrochloric acid may be conducted Into the retort during the process of dis- 
tillation, in which cnse all the arsenic (even from arsenous sulphide (Be)) will 
be carried over in the first 100 cc. of the distillate. The receiver contains the 
arsenic, a great excess of hydrochloric acid and a small amount of organic 
matter. To a portion of this solution the Reinseh test may be applied at once 
and other portions may be diluted and tested with hydrogen sulphide or the 
solution may at once be tested in the Marsh apparatus. 

For more detailed instructions concerning the detection and estimation of 
arsenic in organic matter, special works on Toxicology and Leg-al Medicine 
must be consulted. The following are valuable works on this subject: Micro- 
Chemistry of Poisons. Wormiey: Medical Jurisprudence, Tavlor; A System of 
legal Medicine, Hamilton; Ermittelung von Giften, Dragendorff: Poisons. 
Taylor: etc, 

?, Ipiitioti. — -Metallic arsenic ia obtained by igniting any compound 
containing areenic with potaesium carbonate and charcoal,* or with potas- 
sinm cyanide : 

2Aa,0, -I- 6ECN = Aa. H- 6KCN0 

2Aa,S, -f GECN = Ab, + 6ECNS 

2As,8, + 6Na,C0, + BXCIT = Aa, + 6Sa^B + 6KCN0 + 6C0, , 

4H,AsO, H- 5C = Aa. H- SCO, + 6H,0 
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If this ignition be performed in a small reduction-tube * (s hard glass tube 
about 7 mm. in diameter, drawn out and sealed at one end), the reduced 
arsenic sublimee and condenses as a mirror in the cool part of the tube. 
The test may be performed in the presence of mercury compounds, but 
TOore conveniently after their removal; in presence of organic material, it 
is altogether unreliable, Jf much free sulphur be present the arsenic 
should be removed by oxidation to arsenic acid by nitric acid or hydro- 
chloric acid and potassium chlorate, then precipitation after addition of 
an:monium hydroxide by magnesium mixture and thoroughly drying before 
mixing with the cyanide or other reducing agent. 

8. Detection. — Arsenic is precipitated, from the solution acidulated with 
liydrochloric acid, in the second group by hydrosulphuric acid as the 
sulphide (6«). By Its solution in (yellow) ammonium sulphide it is sepa- 
xatnd from 'Kg , Fb , Bi , Cu , and Cd . By reduction to arsine in the 
Marsh apparatus it is separated with antimony from the remaining second 
^oup metals. The decomposition of the arsine and stibine with silver 
■nitrate precipitates the antimony, thus effecting a separation from the 
arsenic, which passes into solution as arsenous acid. The excess of AgHO, 
is removed by HCl or CaClj and the presence of arsenic confirmed by its 
■precipitation with HjS . For other methods of detection consult the text 
<6, C and 7). For distinction between A«^ and Aa"' see (6 and §88, +). 

9. Estimation. — (1). As lead arsenate, Pb3(Aa04)a . To a weighed por- 
tion of the solution containing arsenic acid, a weighed amount of FbO is 
added, after evaporation and ignition at a dull red heat is weighed an 
TU,(AsO(), . The weight of the added PbO is subtracted from the residue, 
«nd the difference shows the amount of arsenic present reckoned as ASjO, , 
{2). It is precipitated by 1^:80^ in presence of NH^OH and HH.Cl , and 
after dicing at 103°, weighed as MgNH^AiO^.H^O ; antimony is not 
precipitated if a tartrate be present (Lesser, Z., 1888, 27, 818). (5). The 
ligSKtAaO^ is converted by ignition into Kgf^^sO, , and weighed. (4). 
The solution of arsenous acid containing HCl is precipitated by H,8 . 

* An much of the Teductjon-Rlam tubing conlalDaarmnlcl?) Preasnliu (Z., BO, G31 and 29,397) 
n-commendBtheruIlowlnjrmodlfloatloDottbo above metbod : A piece of reduction tubing Kbaut 
l^inni. diameter and l.'icm. Ions Is dnwaoutto a narrow tubestoae end. Tbe otber eDd of the 
lu'iG U ooaneatod with a sultsble appantus for geupiatlng- and drying carbon dIoiiOe. The 
Knmple Is bot«atcd l9 thnroushly dried and mixed vrjth the dry cyanide lor charcoal) and car- 
^«nato. [ilaced in a small ptrccUln combuBtlon boat and put In the middle of tbe reduction 
*ubc The nir Is then drh-en from the tube by tlio dry rarbon dloildo and the whole boMed 
gcnUy until all molaturo Is pipell-d. Tlie tubela then biatiid tn rodntu near tbe point of coo- 
stTicUnBand whontbiB Is done the boat la heated, ftently at llrsttn avoid spattering of tbo fiu- 
^nRinaBi. then to a full rodncaa till all tbe arsenlo baa been driven out. During the whole of the 
rxp.Tlmcnt a Kcntlo stream of carhnn dioilde la passed through tbe Cube. The ariealo oollects 
»9n mirror In the aarrowpartof the tube Justboyond tbe heated portion. Tbo small eod of the 
Cnhomny now be ieHled.the minor collected by a gontle flame, driven to aor desired portion ot 
tho tube and tested with the usual teats 16' cS\. Compounds of antimony when treated In tnu 
-way do not give a mirror. As small an amount as O.OOOOl eram of Aa,0, will give a dMlaot mir. 
aor by Uiis method. 
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The precipitate is separated from free sulphur by solution in ITH^OH and 
reprecipitated with HCl , It is then dried and weighed as AajSj . (5). By 
precipitation as in (^) and' removal of sulphur by washing the precipitate 
with CSi . Dry and weigh as ABjS, . (6). TJranyl acetate, in presence of 
ammonium salts, precipitates HHfUO^AsO, ; by ignition this is converted 
into uranyl pyroaraenate {UOJ^SjO, , and weighed as such. (7). Small 
amounts may be converted into the metallic arsenic mirror by the Marsh 
apparatus and weighed or compared with standard mirrors (Oooch and 
Moseley, C. A'., 1894, 70, 207). (8), As'" is converted into As^ by a 
graduated solution of iodine in presence of NaHCO, , The end of the 
reaction is shown by the blue color imparted to starch, (9), Aa"' is oxi- 
dized to Ab^ by a graduated solution of Kfirji, , and the escess of 
"K^Ct^Oj determined by a graduated solution of FeSO^ . (10). Afl'" is con- 
verted to Ai" by a weighed quantity of Kfiifij with HCl , and the excess 
of chlorine is determined by KI and KaiSgO, . (11). Aa'" is oxidized to 
A*" by a graduated solution of EXnO^ . The end of the reaction is indi- 
cated by the color of the EK11O4 . (IS). As* is reduced to Aa'" by a grad- 
uated solution of HI . The action takes place in acid solutions. (IS). In 
iientral solution, as arsenate, add an excess of standard AgNO, , and in an 
aliquot part estimate the excess of AgNO^ with standard NaCl . (14)- Dis- 
tillation as AaCl, (Piloty and Stock, B., 1897, 30, 1649; see also 6'e 4). 
ilS). The arsenic compound is converted into AiH^ and this passed into a 
tiolution of standard silver nitrate, the excess of which is estimated with 
standard KaCl or the excess of AgNO, is removed and the arsenous acid 
titrated as in methods (9) or (I!). Many other methods have been 
Tccom mended. 

10. Oxidation.— Ai-"'H, is oxidized to Aa'" by J^KO, , HjSO, , HjSO^ , 
«nd mo, ; and to Aa' by KMnO, (Tivoli, Qazzetla, 1889, 19, 630), HHOj , 
HWO, , CI and Br (Parsons, C. N., 1877, 36, 235). Aa" is oxidized to Ab'" 
by H,0, (Clark, J. C, 1893, 63, 886), HNO, , HjSO. hot, CI , HCIO , HCIO, . 
Br . HBrO, , HIO, , Ag* (Scnderens, C. r., 1887, 104, 175), and to Aa'' by 
the same reagents in excess except H^SO, and Ag', which oxidize to Aa"' 
only. Aa"' is also oxidized lo Aa^ in presence of acid by PbO/, Cr^; by 
compounds of Co, Ni, and Mn, with more than two bonds; and in 
alkaline mixture by PbOj, HgjO, H«0, CuO, KjCrO. , K,Fe(CH),; , etc. 
(Mayer, J. pr., 1880 (2), 22, 103). Arsine is oxidized to metallic arsenic by 
HffClj (Magencon and Bcrgeret, J. C, 1874, 27, 1008), and by As'", the Aa'" 
also becoming Aa" {Tivoli, C. C, 1387, 1097). Aa" and Aa'" are reduced to 
Tnetallic arsenic by fusion with CO , with free carbon, or with carbon com- 
bined, as HjCjO^ , KCN , etc. (7). By SnCl, (Gg) and H,PO, (Gd) in strong 
HCl solution; also with greater or less completeness by some free metals, 
such as Cn , Cd , Zn , Hg , etc. Rideal (C. N., 18S5, 51, 292) recommends 

- - i^rc 
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the QBe of the copper-iron wire couple for the detection of sinaii quantities 
of arsenic by reduction to the elemental state. O.OOOOOl'o grams may be 
detected. In solution As" is reduced to As'" by EgFO^ , HjS , H,SO, , 
ira,SjO, (Ge), HCl , HBr , HI {Gf), HCNS , etc. As' and As'" are reduced 
to A«~"'Hj by nascent hydrogen generated by the action of Zn and dilute 
HfSO, , or, in general, by any metal and acid which will give a ready 
gL'ueration of hydrogen, as Zn, Sn, Fe, Mg, etc., and H„80, and HCl 
(Draper, Dtngl, 1872, 204, 320). As'" is reduced to Aa-"''k^ by nascent 
hydrogen generated in alkaline solution as, Al and EOH, Zn and SOH, 
sodium amalgam, etc. (separation from antimony) (Davy, Ph. C, 1876, 
17, 275; Johnson, 'C. N., 1878, 38, 301). 

§70. Antimony (Stibium) Sb =^ 120.4 . Valence three and five. 

1: PropBTtlea,— Rpfc(/Tc gravity, e.697 (Schroeder, J., 1R59, 12). ilelting point, 
433° (Ledebur, Wied. Bcibl.. 1881, 650), Boitiitg point, between 1090° and HSO' 
(Carnelley and Wiiiiams, J. C, 1879, 35, 566). Its molecular weight is unknown, 
as its vapor density has not been tHksn. Antimony is a lustrous, silver white, 
brittle and readily pulverizable metal. It is but little tarnished in dry air and 
oxidizes slowly in moist air. forming a blackish gruy mixture of antimony and 
antimonous o.xide. At a red heat it burns in the air or in oxygen with incan- 
desceaee. forming white inodorous (distinction from arsenic) vapors of anti- 

2. Occurrence.— Native in considerable quantities in northern Queensland. 
Australia (Mac Ivor, C. N., 1888, 57, G4) ; as stibnite, 8b,S,; as valentinite, Sb,0,; 
in very many minerals usually combined with other metals as a double sulphide 
(Campbell, I'hU. Mag., ISfiO, (4), 20, 304; 31. 319). 

^. Preparatioa.— (u) The sulphide is converted into the oxide by roasting in 
the nir, and then reduced by fusion with coai or charcoal, ('j) The sulphide is 
fused with charcoal and sodium carbonate: 3Sb,S, + 6Nb,C0, + 3C == 4Sb + 
sNa,8 + 9CO, . (c) It is reduced by metallic iron: Sb.S, + 3Es = 2Sb + SFeS . 
(d) To separate it from other metnis with which it is frequently combined 
requires a special process according to the nature of the ore (Dexter, J. pr., 
1839, 18, 449; I'feifer, A., 1881, 209, 161). 

1. Oxides.— Antimony forms three o.iides, Sb,0, , 3b, O, , and 8b, O. . (a) 
Antimonous oxide, 8b,0, , is formed (/) bv the action of dilute nitric acid upon 
Sb°; (^) by precipitating SbCl, with Na,CO, or NH.OH; (5) by dissolving Sb' 
in concentrated H,SO, and precipitating with Na,CO,: (|) by burning antimony 
!?( a red heat in air or oxygen; (5) by heating ab,0, or Bb,0, to 800° (Baubigny, 
C. »■., 1H97. 124, ,99, and 560), It ia a white powder, turning yellow upon heat- 
ing and white again upon cooling; melts at a full red heat, becoming crystalline 
upim coolinft: slightlv soluble in water, fairlv soluble in glycerine (56). Anti- 
monous oxide sometimes acts as an acid, Sb,0, + SNaOH = SNaSbO, + H,0: 
but more commonlv as a base. Ortho and pyro antimonous acids are known 
in the free state. The meta compound exists onlv in its salts (0.. 2, 1, 19S), 
(6) Dinntimony tetroxide, Sb,0, , is formed by heating Sb° , Hb,S. , 8b,0, . 
or Sb,0, in the air at a dull red heat for a. long time. The antimony in this 
compound is probably not a tetrad, but a chemical union of the triad and 
pentad: 2Sb,0, = 2Sb"'8bv0, = 81},0,.Sb,0. . It is found native as antimony 
iichre. (<!) Antimonic oxide, 81>,0, , is formed by treating Sb° , Sb.O, or 
Bb,0, with concentrated nitric acid. When heated to 300° it loses osygen, 
forming Bb,0. (Geuther, J. pr.. 1871, (a). 4, 438). It is a citron-yellow powder, 
insoluble in water but reddening moist blue litmus paper. Antimonic acid 
exists in the three • forms, analogous to the arEenic aJid phosphoric acids. 
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*. «., ortho, meta and pjTo (Oeuther, I. c. and Conrad, C. S., 1879, 40, 198). Tfie 
ortho acid, H,SbO, is formed by tbe decomposition of the penta«hloride with 
ivater and washing- until the chloride is all removed (Conrad, (. c, and Dau- 
brawB, A., 1877, 186, 110). The most of the antimonates formed in the wet way 
by precipitation from the acid solution of antimoDic chloride are the ortho 
antimonates. By heating the ortho acid to 200° the meta aeiil, HShO, . ia 
formed. Strong ignition of Sb,0, with potassium nitrate and extraction with 
%vater grives the potassium metantimonate, ESbO, . and by addinjf nitric acid 
to a solution of this salt the free ocid is formed. The ortho acid dried at 100° 
^vea the pyro acid: 3H,SbO, =. H,Sb,0, + H,0 (Conrad, I.e.), which upon 
further heating to 300° pivea the meta ndd. The pyroantimonic acid forma 
two series of salts, M.Sb.O, and H,H,Sb,0, . The sodium salt Na,H,Sb,0, 
Is insoluble in water and is formed in the quantitative estimation of antimony 
(9), and also in a method for the detection of sodium (§206, 6(f). For the latter 
the soluble potassium salt E,H:Bb]0, is used as the reagent. It is prepared 
by fusing antimonic acid with a large excess of potassium hydroxide; then 
dissolving, filtering', evaporating and digesting hot, in syrupy solution, with a 
large excess of potassium hydroxide, best in a silver dish, decanting the 
alkaline liquor, and stirring the residue to granulate, dry. This reagent muat 
be kept dry, and dissolved when required for use: inasmuch as, in solution, it 
cbanj^es to the tetrapotassium pyroantimonate, E,Sb,0, , which does not 
precipitate sodium. The reagent ia, of course, not applicable in acid solutions. 
The reaction is as follows: E,H,8b,0, + SNaCl = Wa,H,Sb,0, + aKCI . 

The ortho acid. H.SbO, . is sparingly soluble in water, easily soluble in KOH, 
bat insoluble in NaOH. The meta acid, HSbO, , is spaHngl.v soluble in water, 
easily soluble in both the fixed alkalis: the pyro acid, H,Sb,0, , is sparingly 
(more easily than the meta) soluble In water: the normal fixed alkali salts, 
K.Sb.O, , are soluble in water, also the acid potassium salt, K,H,Bb,0, , but 
not the corresponding sodium salt, lTa,H-Bb,0, . ' 

5. Solubilities. — a. — Metal. — Antimony is attacked but not dissolved by nitric 
acid, forming Sb,0, (a) or Sb.O, (b). depending upon the amount and degree 
of concentration of the acid: it is slowly dissolved by hot concentrated sulphurlo 
acid, evolving SO, and forming Sb](SO,), (c); it is insoluble in HCl out of con- 
tact with the air, but the presence of moiat air causes the oxidation of a small 
amount of the metal to Sb,0, , which ia diasolved in the acid without evolution 
of hydrogen (Ditte and Metzner, A. Ch., 1896, (6), 29, 389). 

The best solvent for antimony is nitric acid, followed by hydrochloric aeid or 
nitrohydrochloric acid containing only a small amount of nitric acid. .'Vnti- 
manous chloride, SbCl, , is at first formed (d), but if sufHcient nitric acid be 
present this is rapidly changed to antimonic chloride, SbCl, (e). If, however, 
too mnch nitric acid be present, the corresponding oxides (not readily solnble 
in nitric acid) are precipitated (6r). The halogens readily attack the metal 
forming at first the corresponding trihalogen compounds ((I). Chlorine and 
bromine (gas) unite with the production of light, and if the halogen be in 
exoess, the pentad chloride (e) or bromide is formed (Berthelot nnd Tetit, A. Ck,, 
1891, (6), 18, 6.5). The penttodide, Sbl, , does not appear to exist (Mae Ivor, 
J. C„ 1876, 80. 328). 

(a) 2Sb -I- EHWO, = Sb.O, + 2N0 + H.O 
(6) 6Sb + lOHNO, = 3Sb,0. + lONO + 5H,0 

(c) 2Sb + 6H,B0. = Sb,(SO.). + 380, + 6H,0 

(d) 2Sb + 3C1, = ESbCl, 

(e) SbCl, + CI, = BbCl, , 

b.—Orlde9. — Aatimonoua oxide, Sb,0, , is soluble in 55,000 parts of water at 
J5° and in 10,000 parts at 100° (Sehulze, J. Pr.. 1B83, (2). 27, 320); insoluble In 
Blcohol; soluble in hydrochloric (n), sulphuric and tartaric (b) acids with 
formation of the corresponding salts. The dry ignited oxide is scarcely at all 
soluble in nitric add; the moist, freshly precipitated oxide, on the other hand, 
dissolves readily in the ailute or concentrated acid, be it hot or cold. Under 
certain conditions of concentration a portion of the antimony precipitates oat 
npon Btanding as a white crystalline precipitate. It is soluble in the fixed 
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Blka)! hjdroxides with formation of metantimonltei (C) (Terrell, A. Ch., 1866, 
(4), 7, 3S0). Fixed alkali carbonates dissolve a small amount of the oxide with 
the probable formation of some antimonite (d) (Schneider, Fogg., 18S9, 108, 407). 
It is fairly soluble in glycerine (Kohler, Dingt., 18S5. 208, 520). 

(o) Sh,0. + 6HC1 = 2SbCl, + 3H,0 

(A) Sb,0, + H,C,E,0, = (SbO),C,HiO, + H,0 

(e) 8b,0, + BKOH = SKSbO, + H,0 

(d) Bb,0. + NB.CO, = SNaSbO. + CO, 

Antimony tetroxide, 8b,0i , ia insoluble in water, slowlj dissolved by hot 
concentrated hydrochloric ncid. Antimonic oxide, Bb,0, , is insoluble in water; 
soluble in hydrochloric and tartaric acids without reduction; hydriodic ncid 
dissolves it as antimonous iodide with liberation of iodine (6/); slowlj soluble 
in concentrated fixed alkalis; soluble in alkaline solution of glycerine (Kohler, 
J. C, 1886. 50, 428). The hydrated oxides of antimony (acids) have essentially 
the same aolubilities as the oxides (4). 

c. — SatU. — Antimonous chloride, SbCl, , is very dfligiifscful. decomposed by 

fiure water, forming a basic salt; soluble in water strongly acidulated with nn 
norganic acid, or tartaric, citric, or oxalic acids (06), but not when acidulated 
with acetic acid; it is also soluble in concentrated solutions of the chlorides of 
the alkalis and of the alkaline earths (Atkinson, C. A'., 1883, 47, 175). The 
bromide and iodide are drligumccitl and require moderately concentrated acid to 
keep them la solution. The sulphate, Sb,(SO,), , dissolves in moderately con- 
centrated sulphuric acid. Antinionous tartrate and the potassium antimonoiia 
tartrate (tartar-emetic) are soluble in water without acidulation; the latter is 
soluble in glycerine and insoluble in alcohol. The trichloride, bromide and 
iodide are soluble In hot OS,; ihe chloride and bromide are soluble in alcohol 
without decomposition, but the Iodide is partially decomposed by alcohol or 
ether (Mac Ivor, J. C. 1876, 39, 328). 

The pentachloride, SbCl, , is a liquid, very readily combining with a small 
amount of water to form crystals containing one or four molecules of water. 
The addition of more water decomposes the salt forming the basic salt: if, 
howcTer, a few drops of HCl hiive been added first, any desired amount of 
water (if added atone time) may be edded without causing a precipitation of 
the basic salt. If after acidulation water be added slowly, the basic salt will 
Boon be precipitated. 

Antimonous sulphide, Sb,S, , is readily sohible in X^S , and on evnpora- 
tion large yellow transparent crystaln of E,Sbn8s are obtained (a) (Ditte, 
C. r., ia8fi, 102, 1G8 and 212). It is soluble in moderately concentrated 
HCl with evolution of H.S (6); slowly decomposed by boiling with water 
into Sb,O.T and H^S (c); and nn boiling wiih NH,C1 into SbCl, and (ira,).S 
(de Clermont, C. r., 18T!), 88, 972). Dilute H^SO, is almost without action, 
dilute HNOn gives SbjOj ((/)■ Sparingly soluble in hot KH^OH solution, 
soluble in the fixed alkalis {on fusion or boiling) (c) ; insoluble in (riil,)jCO, 
(distinction from arsenic); insoluble in the fixed alkali carbonates in the 
cold but on warming they effect complete solution {f) (distinction from 
fin); very sparingly soluble in normal ammonium sulphide; readily soluble 
in yellow ammouium sulphide with oxidation (;/) (Cc). The pentasulphide, 
Sb^S] , is insoluble in water; soluble in the alkali sulphides (ft), and in the 
fixed alkali carbonates and hydro.itides ; insoluble in ammonium carbonate 
and sparingly soluble in ammonium hydroxide, more readily when warmed 
(7>., 2, 1, 21?), On boiling with water it slowly decomposes into Sb,0, , 
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H,S and S (MitBcherlich, J. pr., 1840, 19, 455). Hydrochloric acid on 
vanning dissolves it as SbCl, (i) : 

(a) Sb.S, + 2K,S = K,8b.8, 

(b) 8b,B, + ena = SSbCl. + 3H,B 
(e) Sb,8, + 3H,0 == Sb,0, + 3H,S 

Id) 3Sb,8, + 4H1T0, = 2Sb,0, + ^S- + 4N0 + SH.O 
(e) 2Bb,S. + 4E0H = 3E8b8, + KSbO, + 2H,0 
If) 2Sb,S, + 2Na,C0, = 2NaSbS, + NaSbO, + 2C0, 
(») 23bj8, + G(NH.)jS, = 4(NH.),SbS. + S, 
(ft) Sb,S, + 3(NHJ,S = 2(NH.).BbB. 
(1) 8b,8, + 6HC1 = aSbCl, + 3H,S + 8, 
d. — Water* — With the exception of the compounds of antimony with 
Bome organic acids, ns t;irtaric and citric, all salts of antimony are decom- 
posed by pure WATER. For this reason it will be seen that water is a very 
important reagent in the analysis of antimony salts. The salts with 
inorganic acids all require the presence of some free acid {not acetic) to 
keep them in solution. If the acid be tartaric the further addition of 
water causes no precipitation of the antimony salt. Water decomposes 
the inorganic acid solutions precipitating the basic salt, sotting more acid 
free which dissolves a portion of the basic salt. The addition of more 
water causes a further preeipit.ttion and at the same time dilutes the gci ! 
80 that upon the addition of a sufficient amount of water a nearly com- 
plete precipitation may bo obtained. If the precipitate of the basic salt be 
washed with water the acid is gradually displaced, leaving finally the anti- 
mony as oxide. 

With solutions of antimonons chloride the basic salt precipitated it 
white antimonous oxychloridc, Sb.CljO;, , "Powder of Algaroth," soluble 
in tartaric acid (distinction from bismuth, §76, 5^7) (Mac Ivor, C. N., 187">, 
32, 229), 4SbCIs + 5H,0 — Sb^Cl,0„ + lOHCl . The basic salt repeatedly 
washed with water is slowly (rapidly if alkali carbonate be iHcd) changed 
to the oxide, SbjO, (Malaguti, J. pr., 1835, 6, 253), Sb.CljO^ + H,0 — 
SSbjOj + 2HC1. With antimonic chloride. SbCl-, , the basic salt ic 
SbOClj ; SbCl, + H,0 — SbOCI, + 2HC1 (Williams, C. K., 1S71. 24, 924). 
Solutions of the tartrates of antimony and of antimony and potassium 
are not precipitated on the addition of water; and antimonous chloride- 

•Tho acidity of wHter solutions of certain salts havlnfr ft ivook Imso and tho nLltaUnitj' of 
Others containlnfT n weak acll iacluo to a partial cloi^imposltlun Itiyilmlyslsi ot Ibc salt hy the 
tonsof tbe irater, n- anil OtI'. rormlnir iif^ln thnorlKlDol acid an 1 base. I«:i,CO,, for iDStunce, 
liBpIttup Into the weak non-dlflsotlaled H,CO, and the Btrongly-dlsBoclatcd KnOH. irhose 
OHlonsBlvothe-nlknllQcrcflt^tlnn." FeCl. In waif r forma aoluhlo colloid Pe(OH)„ whlch- 
tnay be separated by dialysis frnm tlie fioo HCI resulting or proefjiltatcd by addition of a 
oautnl aal'. aa NaCI, to (ho dilute solution ; KCW gives nlknllne KOII and nnn-ilissocUtod' 
RCN, readily dBt"cted by ltj< odor. In othT cases proclpltotlim Is caused, ns Id tho treatment 
of bismuth or aDtlm nv ndutlnns wllh vntcr »r iii hcatlntt ^'n^uO, SDliition, liydrolysla lir 
KonoRil bolnr incrooaod t>y mlsli^f thu tcm'erature. Tho aotloo of water oi B->ap betnncsto 
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dissolved in excesB of tartaric or citric acid solution is not precipitated on 
addition of water. 

6. Benotloiu.— a.— The alktUi hydroxidea and carbonatM precipitate from 
ncidulated solutions of inorganic antimonoue salts, antimonouB oxide,* Sb,0, 
(a) (Rose, Pogg., 1825, 3, 441), wbite, bulky, readily becoming crystalline on 
boiling; sp,iringly soluble in water (56), readily soluble in excess of tbe fixed 
alkali*, forming a metantimonite (6) (Terrell, A. Ch., 1866, (4), 7, 350); slowly 
Koluble in a strong excess of a hot solution of the fixed alkali carbonate (e) 
(distinction from tin); insoh'ble in ammonium hydroxide or ammonium car- 
bonate. The freshly precipitated oxide is readily soluble in acids (not in acetic 
ncid). If the alkaline solution of the antimony be carefully neutralized with 
an acid (not tartaric or citric) the oxide is precipitated (d) and at once dissolved 
by further addition of acid. The presence of tartaric or citric aeida prevents 
the precipita.tion of the oxide by means of the alkalis or alkali carbonates. 

The solutions of antimonous oxide by alkalis is due to combination with them, 
acting as a feebly acidulous anhydride and forming antimonites, which are 
found to be monobasic^ so far as capable of isolation. Sodium antlmonite, 
ITaSbO, , is the most Btable and the least soluble in water; potassium anti- 
nonite, KSbO, , is freely soluble in dilute potassium hydroxide solution, but 
decomposed by pure water. By long standing (24 hours), » portion of the 
antimonous oxide deposits from the alkaline solution, and the presence of alkali 
hydrogen carbonates causes a nearly complete separation of that oxide (e). 
(o) 2SbCl. + 6K0H = Sb,0, + CKCl + 3H,0 

SSbCl, + 3Na,C0, = Sb,0, + 6NaCl + 3C0, 
(6) Bb,0, + 2K0H = 2KSbO, + H,0 
or SbCl. + 4K0H = KSbO, + 3KC1 + SH,0 

(c) 8b,0, 4- Na,CO, = aNaSbO, + CO, 

(d) SKSbO, + 2HC1 = Sb,0, + 2XC1 + H,0 

(r) BNaSbO, + 2K*HC0, = Bb,0, + 2Ha,C0. + H.O 
AntlmonU; sails are precipitated under the same conditions as the antimonous 
xattB. The freshlv formed precipitate is the orthonntimonic acid, H.SbO. ^ 
SbO(OH), = Sb,b,,3H,0 (<i) (Conrad. C. N., 1879, 40. 198); insoluble in am- 
monium hydroxide or carbonate; soluble, more n-udily upon warming, in 
excess of the fixed alltali hydroxides and carbonates as metantimonate (6). 
(a) SbCU + 5K0H = SbO(OH), + 3KC1 + H.O 
(ft) BbO(OH), -I- KOH = KSbO. -I- 2H,0 

7j. — The freshly precipitated antimonous oxide is soluble in ox&lie add, but 
fin absence of tartaric acid) the antimony soon slowly but completely separates 
■out lis a white crystalline precipitate; unlPKs an alkali oxalate be present, when 
the soluble double oxalate is formed. The precipitate of antimony oxalate 
<lisRolves upon the further addition of hydrochloric a<^id. Freshly precipitated 
antimohic oxide dissolves readily in oxalic acid and does not separate out upon 
standing. Acetic add precipitates the solutions of antimony salts if tartaric 
acid !«■ absent. Potuslum cyanlda gives a white precipitate with antimonous 
salts soluble in excels of the cyanides. 

With potusium ferrocyanlde antimonous chloride (not tartrate) ff'^e^ a 
white precipittitc, .-olnlile in hydrochloric add (distinction from tin), or flsed 
alknn hvdroNides (Warren, C. If.. 1888, 67. 124). Potawitim ferrlCT»ni*» i» 
rcdueert'to ferrocyanide by antimonous salts in aJkaline solution (BaumauD, 
X. miirip., 181)2, 117). 

<•.— From the solutions of the fixed alkali antimonites or antimonates the 
oxides or hvdrated oxides (acids) arc precipitated upon neutralization with 
nitric acid (or other inorganic acids); the freshly formed precipitates readily 
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disBolTing in an excess of the acid. Antimonoua nitrate is very unstable and 
the anlimonic nitrate is not known to exist. It ia quite probable that these 
solutions in nitric acid are merely solutions of some of the hydratctl oxides 
(acids). 

d. Compounds of antimony with the acids of phoaphoms are not known, 
(Na,KPO, does not precipitate antimony salte, sepanition from tin, 871, Gd). 

e. Hydro^n sulphide precipitates, from acid * solutions of antimonous 
salts, antimonous sulphide (a), SbjSj, orange-red; in neutral solutions 
(tartrates) the precipitation is incomplete. In strong fixed alkali solu- 
tions (60) the precipitation is prevented, or rather the sulphide first 
formed {b) ia at once dissolved in the excess of the fixed alkali (c), sparingly 
in HH,OH. The alkali sulphides give the same precipitate sparingly 
soluble in normal ammonium sulphide, readily soluble in the fixed alkali 
sulphides ((f) and in yellow ammonium sulphide (e). Antimonous sulphide 
is slowly decomposed by boiling water (f) ; insoluble in ammonium carbon- 
ate (distinction from As); slowly soluble in boiling solution of the fixed 
alkali carbonates (tj) (distinction from Sn); soluble in hot moderately con- 
centrated hydrochloric acid (ft) (distinction from arsenic). The alkaline 
solutions of antimonous sulphide are oxidized upon standing by the oxygen 
of the air or rapidly in the presence of sulphur (e) ; from the alkaline eolu- 
tions hj'drochloric acid precipitates the antimony as trisulphide, penta 
sulphide or a mixture of these, depending upon the degree of oxidation (i). 
(o) 2SbC], + 3H,S = 8b,3, + 6HC1 
(6) 2K8bO, + 3H,S = Bb,3, + 2K0H + aH,0 

(c) 2ab,a, + 4K0H — SKSbS. + KSbO, + 3H,0 

(d) Sb.S. + K,S = 2KSb3, 

(e) 2Sb,S, + 6(1TH.),S, = 4(NH.),SbS, + S, 

(f) Sb,S, + ?.n,0 = S1J,0, + 3H.S 

(ir) 2Sh,S. + 2K,C0. = SESbS, + KSbO, + ^CO, 

(h) Sb,S, + 6HCI = ESbCl. -I- 3H,S 

(i) .iKSbS, + KSbO, 4- 4HCI = 2Sb,S. + 4KC1 + 2H,0 
or Q(NH.),SbS. + 6SC1 = Sb,S, + 6NH,C1 + 3H.S 

Hydrosnlphnrio Ecid f and alkali sulphides precipitate (under like condi- 
tions as for antimonous salts), from solutions of antimonic salts, anlimonic 
sulphide, SbjS, , orange, having the same solubilities as the tri-sulphide. 
The alkaline solution of the sulphide consists chiefly of the ortho-thioanti- 
monate instead of the meta, as in antimonous compounds. Sb,S. + 3EjS 
= 2K,ShS. ; 4Sb,S, + ISKOH = 5K,SbS. + 3KShO, + 9H,0 . When 
dissolved in HCl the penta-sulphide is reduced to ShCl, with liberation 
of Bulphor, Sh,S. + 6HC1 = 2SbCl, -f- 3H,S + S, . 

•Acoordlog- to Lovtton iJ. C, ISSg, 54. mi) the preolplutlon t 
quite stronK h^drocbloiic acid lone to oae) sepaiatlon f rotn tin, 11 
Uire« or more ports of water are ptesefit to one at tbe acid. 

t In order to preoipltate pure ontttnonle tulphtde. the aolntloD < 
«ald, and the hjrdrsyen anlpklda added rapidly. It tbe lOlutlaii b« warmed 01 
Bolptaidaadtletl (lovl; Diore 01 leu antlmonou 
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All BBlts of antimony when wanned with sodliun thlosolpbate, VftiSiO, . 
are precipitated aa the sulphide (iseperation of ai'senlc and antimony). SSbCI, 
+ 3Na,S,0, 4- 3H,0 = Bb,S, + 3N&,S0, + GHCl . Sulphurona add reduces 
antimonic salte to antimonous bbUb (Knorre. Z. angete.. 1SS8, ISS). Sutphatfs of 
antimony are not prepared by precipitation, but by boiling' the oxidea with 
stroDg' aniphuric ai^d. They diseolve only in very strong'ly acidulated water. 

/, — Antimony occurs most frequently for analysis as the chlorides, it i» 
therefore important that the student familiarize himself with the deport- 
ment of these salts with the various reagents, used in qualitative analysis. 
The most important of the properties have been discussed under 5a, b, c, d. 
Hydrochloric acid, or any other inorganic acid, carefully added to a solu- 
tion of antimony salts in the fixed alkalis will precipitate the correspond- 
ing oxide or hydrated oxide, soluble upon further addition of the acid. 
Potaraium iodide added to antimonous chloride solution, not too strongly 
acid, gives a yellow precipitate of antimonous iodide, soluble in hydro- 
chloric acid. The precipitation docs not take place in the presence of 
tartaric or oxalic acids. Hydriodic acid (or potassium iodide in acidu- 
lated solutions) added to solutions of antimonic salts causes a reduction 
of the antimony to an anlimonous sail with liberation of iodine (distinc- 
tion from Sn"": SbCl, + 2EI = SbClj -f- 2HC1 -^ I, . The iodine may be 
detected by heating and obtaining the violet vapors, or by adding carbon 
disulphide and shaking. It should be remembered that the solution to 
be tested must be acid, for in alkaline solutions the reverse action takes 
place, iodine oxidizing antimonous salts to antimonic salts: SbCl, -|- 
8K0H -f- I, = KjSbO, -I- 2X1 -|- 3KC1 + 4H,0 (Weller, A., 1883, 213, 
364). Also the absence of other oxidizing agents which liberate iodine 
from hydriodic acid must be assured. 

ff. — If antimony and arsenic compoundn occurring together ate strongly 
oxidized with nitric acid there is dan^^er that the inRolubte precipitate of anti- 
monic oxide may contain arsenic, as antimonic arsenate, insoluble (Menschut- 
kin). StannoTia chloride reduces antimonic compounds to the antimonous 
condition, but in no case causes a precipitation of the metal (distinction from 

ft. — Antimonous salts in acid, neutral or alkaline solution, rapidly reduce 
solutions of chromateB to chromic compounds. Acid solutions of antimonouB 
salts reduce solutions of manganates and permanganates to manganous salts; 
with alkaline solutions to manganese dioxide. These reactions are capable of 
quantitative application in absence of other reducing agents. The antimony is 
oxidized to the antimonic condition (0 and 10). 

). — An antimonous compound when evaporated on a water bath with mi 
ammonincal solution of silver nitrate gives a black precipitate (Bunsen, A., 
1855. 106, 1). A solution of an antimonous compound in fixfd alkali when 
treated with a solution of silver nitrate gives n heavv black precipitate ol 
metallic silver, insoluble in ammonium hydroxide, and thus separated from the 
precipitnted silver oxide. If instead of a water solution of silver nitrate, a, 
Kolution with great excess of ammonium hydroxide (one to sixteen) be added, 
no precipitation occurs in the cold (distinction from Sn"); nor upon heating 
nnlil the excess of ammonia has been driven off. Antimonatea with silver 
nitrate give a white precipitate of silver antimonate, soluble in ammonium 
hydroxide. 

" ■■ ----- - o" ■ 
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;, — Stibine. — By the action of zinc and sulphuric or hydrochloric acid all 
compounds of antimony are first reduced to the metallic state. The 
formation of stibine is a secondary reaction and requires the moderately 
rapid generation of hydrogen in acid solution. If a few drops of a solu- 
tion of an antimony salt, acidulated with hydrochloric acid, be placed 
upon a platinum foil and a small piece of zinc be added, the antimony is 
immediately deposited as a black stain or coating adhering firmly to the 
platinum; 2SbClj + 3Zn — 2Sb + 3ZnClj . In this test tin, if present, 
deposits as a loose spongy mass, while arsenic, if present, doe^ not adhere 
so firmly to the platinum as the antimony. In the presence of arsenic 
this test should be applied with caution under a hood as a portion of the 
arsenic is almost immediately evolved as arsine (§89, 6'b). 

If hydrogen be generated more abundantly than in the operation above 
mentioned, by zinc and dilute sulphuric or hydrochloric acid, the gaseous 
antimony hydride, stibine, SbH, , is obtained for examination. For com- 
parison with arsine and details of manipulation see " Marsh's Test " tmder 
arsenic (§69, 6'a) : 

Sb,0. + ezn. + 6H:,S0, = eZnSO. + 3H,0 + S&VB, 
BbCl, + 3Zn + 3HCI = 3ZnCl, -{- BbH, 
Stibine is a colorless, odorless gas, not nearly so poisonous as arsine. It 
bums with a luminous and faintly bluish-green flame, dissipating vapors 
of antimonous oside and of water (a); or depositing antimony on cold 
porcelain held in the fiame, as a lusterless brownish-black spot (h). The 
gas is also decomposed by passing through a small glass tube heated to 
low redness (c), forming a lustrous ring or mirror in the tube. The stibine 
is decomposed more readily by heat than the arsine and the mirror is 
deposited on both sides of the heated portion of the glass tube. The spots 
and mirror of antimony are compared with those of arsenic in §89, 6'c, 
The antimony in stibine is deposited as the metal when the gas is passed 
into a concentrated solution of fixed alkali hydroxide or when it is passed 
through a U tube filled with solid caustic potash or soda-lime (distinction 
and separation from arsenic). 

(a) SSbH, + 30, = Sb,0, + 3H,0 

(6) 4SbH. + 30, = 4Sb + 6H,0 

(c) 2SbH. = 28b + 3H. 
When the antimony hydride (stibine) is passed into a solution of ulver 
nitrate, the silver is reduced, leaving the antimony with the silver, as 
antimonous argentide, SbAg, , a black precipitate, distinction from arsenic, 
which enters into solution (§89, 6'a and 6) ; SbH, + 3AgH0j = SbAgg + 
3HH0, . The precipitate should be filtered and washed free from unde- 
composed silver salt (and arsenous acid, if that be present), and dissolved 
with dilate hydrochloric acid (HCl does not. dissolve uncombined anti- 



80 ANTIMONY. §70, T. 

mony, 5a) : SbAg, + 6HC! = SbClj + 3^rCl + 3H, . The solution con- 
fliats of antimonous chloride, leaving silver chloride as a precipitate. 
However, in the exccBs of hydrochloric acid used a small portion of the 
silver chloride may be dissolved (§69, 5c), interfering with the final test 
for the antimony. If this be the case the eilver should be removed by a 
drop of potassium iodide (8). 

Stlbine is not evolved by the action of Btrong- KOH upon zinc or alumtnuni, 
nor by EOdiiim amalgam in neutral or alkaline solution (distinction from triad 
arsenic): the antimony la precipitated aa the metal (Fleitmann, J. C, 1852, 4, 
320). Stibine is slowly oxidized by aiilpbur to Sb,S, in the Bunb'Klit at ordinary 
temperature and rapidly when the sulphur (in a U tube mixed with g-lasa wool) 
is heated to 100°. The reaction takes place according to the following' equation: 
2SbH, + -IS, = Sb,St + 3H,S (Jones, J. C, 1676, 29, 645). 

7. Ignition. — By ignition in the absence of reducing agents, antinionic acid 
and anhydride are rednccd to antimonous antinioniite, 8b,0,,8b,0, or 8b,0, 
(Sb*'SbvO,), & compound unchanged at a dull red heat, but when heated to 
800° this oxide is further reduced to antimonous o.vide (4b). 

The antimonafes of the fixed alkali metnla nre not vaporiKed or decomposed 
when ignited in the alraence of reducing agents; hence, by fusion in the crucible 
Mvith sodium carbonate and oxidising agents. 1. e., with sodium nitrate and car- 
iKinate, the compounds of antimony are converted into non-volatite sodium 
pyroantimonate, Na,Sb,0, , and arsenic compounds if present are at the same 
time changed to sodium orthoarsenate, Na,A80, . If now the fused mass tK 
digested and disintegntted in cold water and filtered, the entimonate is sepa- 
rated as a residue, Na,H,Bb,0, (4c), while the arsenate remains in solution 
with the excess of alkali. The operation is much more satisfactory when the 
arsenic and antimony are previously fully oxidized — as by digestion with nitric 
acid — as the oxidation by fusion in the crucible is not effected soon enough to 
retain all, the arsenic or antimony which may be in the state of lower oxides, 
sulphides, etc. If compounds of tin are present In the operation — and if the 
fusion is not done wiih excess of heat, so as to convert sodium nitrite to caustic 
soda and form the soluble sodium ntannate — the tin will be left as stannic oxide, 
SnO, , in the residue with the Na,H,Sb.O, . But if sodium hydroxide is added 
in the operation, the tin is separated as stannate in solution with the arsenic 
(Meyer, J. C. 1849, 1, 38B). 

All compounds of antimony are completely reduced in the drj- way on char- 
coal with sodium carbonate, more rapidly with potassium cyanide; the metal 
fusing to a brittle globule. The reduced metal rapidly oxidlzcG, the white 
antimonous oxide rising in fames, and making a crystalline depoait on the 
support. If now ammonium sulphide be added to this white sublimate, an 
orange precipitate is a sure Indication of the presence of antimony (Johnstone, 
C. .v., 1H83, BS. 29fi). The same white oxide is formed on heating antimony or 
its sulphides in a glass tube, through which air is allowed to pajs. 

8. Detection. — Antimony ia precipitated, from the solution acidulated 
with hydrochloric acid, in the second group by hydixnalphiirio acid as the 
sulphide (6e). By its solution in yellow ammonium stilphide * it is sepa- 
rated from Hg , Fb , Bi , Cu , and Cd . In the Marsh apparatus the anti- 
mony is precipitated on the Zn as the metal, a portion being still further 
reduced to stibine. By passing the gases, stibine and arstne, into AgSO^ 
solution, the antimony is precipitated as Sb^j , antimony argenttde, sefw- 
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xating it from the areenie which is oxidized and pasBee into solution as 
arsenous acid. The SbAgj is dissolved in HCI and the presence of the 
antimony is confirmed by the precipitation of the orange colored sulphide 
with H,S . Study text at 6 and §84 to §89. For distinction between Sb^ 
and SV" see §89, 7. 

9. Estlmatloii. — (I) Tartaric acid and water are added to SbCl, , which is 
then precipitated by H,S as Sb,8, . and after waehing- on a weighed filter it is 
dried at 100° and weiffhed. If from any cause the precipitate eontainn free 
Buiphnr. it is separated by heatinjf in CO, . (i) Antimonous oxide, sulphide, 
or any oxysalt of antimony is first boiled with fuming nitric acid, which con- 
vertait into Sb,0, , nnil then by ignition it is reduced to Sb,0, , and weipiied 
as such, (.*) The tricfiloride is precipitated by gallic acid, and weighed after 
drying at 100". (i) In the presence of tin and lead oxidize the hydrochloric 
acid Gotulion of the ^alts with KCIO, (the tin must be present as Sniv) and 
distil in a current of HCI , The stannic and antimony chlorides arc volatile 
(aeparation from lead). To the distillate add metallic iron, obtaining stannous 
chloride and metallic antimony; filter and wash (separation from tin). Fuse 
the precipitate with sodium nitrate and sodium carbonate, digest the fused 
mass with cold water, filter, wash, dry and weigh aa Nii,H,Sb,0, (7) (Tookey. 
J. C„ 1863, 16, 462; and Thiele. A., 1894, 263, 3C1). (5) For estimation of anti- 
mon)' and separation from arsenic and tin bv the use of oxalic ucid, see Lessen 
(Z., 1888, 87, 21R) and Clarke (C. A'.. 1870, 81, 124). (6) Volumetrically. The 
antimony compound is converted into stibine (6j) and the gas passed into 
standard silver nitrate solution. The solution is filtered and the excess of 
silver nitrate ia titrated with standard sodium chloride. If arsenic.be present 
it must also be estimated (169, 9 (IS)), and the true amount of antimony 
present computed from the two determinations (Ilouzeau, J. C. 1873, 26, 407), 
(7) Sb'" is oxidized to Sbv in presence of NaSCO, by a standard solution of 
iodine. The end of the reaction is shown by the blue color (rfven to flarch. 
(fl) Sb'" is oxidized to Sbv in presence of H,C.H,0, by KMnO, , (9) SV" is 
oxidized to Sbv by K.Cr.O, , and the excess of K,Cr,0, used is determined by 
a standard solution of FeSOt , K,re(CN), being used to show the end of the 
reaction. (10) The antimony as the triad salt is treated with an excess of 
standard EiF«(CN),; the excess of which is estimated in a gas apparatus with 
H,0, (Baumann, Z. (tngew.. 1802. 117). 

10. Oxidation. — Stibine, SbH, , Is decomposed by heat alone into anti- 
mony and hydrogen ((!;), By burning in the air it is oxidized to ShjO,, 
and HjO . Passed into a solution of silver nitrate, SbA^, is produced, or 
passed into a solution of antimonous chloride or potassium hydroxide, 
Bp. gr. 1.35, metallic antimony is produced. Excess of chlorine, bromine, 
or nitric acid in presence of vater oxidizes it to Sb"; but if the SbH, be in 
escess metallic antimony is precipitated. With osccfis of indine in pres- 
ence of water Sb'" ia produced; if the stibine be in excess metallic anti- 
mony. Metallic antimony is oxidized by nitric acid, chlorine or bromine 
to Sb"' or Sb', depending upon the amount of those reagents and the 
temperature. Iodine oxidizes the metal to Sb'" only, except in alkaline 
mixtures when Sb" is formed. 

Antimonous compounds arc oxidized to antimonic compounds by CI , 
Bt , HHO, , K^Cr^O, , and SHnO^ ; by silver oxide in presence of the fixed 
alkalis (6i); by .gold chloride in hydrochloric acid solution, gold being 
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deposited as a yellow precipitate (§73, 10). The antimony is precipitated 
as Sb^O, unless sufficient acid be present to dissolve the oxide: 4AuCl, 4~ 
aSbjOj + 6H,0 = 4Ati + 3SbjO, + 12HC1 . 

Antimonic compounds are reduced to antiraonoua compounds by HI (6/) 
and by SnClj {§69 and §71, 10); the antimony not being further reilucud 
(distinction from Ab). Antimonic and antimonoua compounds are reduced 
to the metallic state by Fb , Sn , Bi , Cn , Cd , Fe , Zn , and TS.g ; but in 
the presence of dilute acids and metals which evolve hy<irog(;n the anti- 
mony is still further reduced to stibine. Iron in the presence nf platinum 
(iron platinum wire couple) precipitates the antimony from acid solutions 
as Sb"; 0.000012 grams can be detected (Rideal, C. N., 1885, 61, 202). 

Sodium amalgam with dilute sulphuric acid evolves stibine from all 
antimony solutions (Van Bylert, B., 1890, 23, 29G8) but the generation 
of hydrogen in alkaline solution, i. e., Zo -|- EOH, causes the reduction 
of the antimony salt to the metal only, in no case evolving stibine. 

§71. Tin (Stannum). 8n = 119,0. Valence two and four. 

1. PropertlAEt.— Specf;ic gravitg, 7.263 (Rammelsberg, B., 1870, 3, 724); meUiktg 
point, 231.68° (CalleDdar and Griffiths, C. .V., 1H91, 63, 2). Boils between 1450' 
and 1600° (Carnelley and Williams, J. C, 187S, 3B, 566). Does not distill in a 
TQcutim at. a, red heat (Schulter, J., 1884, 1550). Tin is a silver white metal, does 
not tamlBh readily in pure air. At a red heat it decomposes steam with evolu- 
tion of hydrogen: at a white heat It burns in the air with a. dazzling white 
light, forming: SnO, . It is softer Ihnn gp\i\ and harder than lead, can readily 
be ham'mered or rolled into tbfn ihects (tinfoil); at 100° it can be drawn into 
wire and at 200° can be pulverized. Tin possesBes a strong: tendency to crystal- 
line structure, and when bar or block tin is bent a marked decrepitation 
■' Zinngeschrei " (Levol, A. Cft., 1859, (3), 56, 110) is noticed, due to the friction 
of the crystals. Block fin exposed to severe cold (winter of 1867.68, at St. 
Petersburg, —39°) crumbles to o grayish powder (Fritsche, B., ISflO, 2, llS). 
This same property of crumbling \a notirt-d in samplea of tin that have been 
preserved several hundred years (Schertel, J. pr.. 1ST9, 2. 19, 322). Tin farms 
alloys with many metals. Bronze Consists of copper and tin, brass frequently 
contains from two fo five per cent of tin, solder consists of lend and tin. All 
the easily fusible metals as Wood's metal, etc., contain tin. For many refer- 
ences concerning tin alloys, see Walts (IV, 720). 

2. Occurrence.— The chief ore of tin is cassiterite or tinstone, a nearly pure 
crystallized dioxide, found in England. Australia, Malay Peninsula, United 
States, etc. (D., Z, 1. 643). Tin pyrites, impure SnS, , is found in small quanU- 
ties in various tin veins. 

3. Preparation.— The reducing agent employed Is carbon. The impure ore. 
SaO, , is first roa.ited, ivhich removes some of the arsenic ns Ab,0, , and some 
of the sulphur as SO, . Then, by washing, the soluble and some of the in- 
soluble impurities are washed away, the heavier SaO, remaining. It is then 
fuEcd with pondered co.il, lime being introduced to form a fuEilile slag vrith 
the earthy impurities. It is refined by repeated fusion. Strictly pure tin is 
best made by treating the refined tin with HNO, , and Ihen reducing the oxide 
thus formed by fusion with charcoal: or by reducing the purified chloride. 

4. Oxid«s and Hydroxidee.- Tin forms two stable oxides and corresponding 
classes of saltF; stannous oxide. SnO , black or blue black, and stannic oxide, 
SnO, , white; the latter acts both as a base, in stannic salts, and as an anhy- 
dride. In stannates. Slannmig orfite is formed (1) by precipitating SnCl, with 
K,CO, , washing with boiled water in absence of air, drying at 80° or lower; 
than dehydrating' by heating in an atmosphere of hydrogen or carbon dioxide 

" " O" 
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(LoDg^, C. C, 1886, 34): (2) hy melting a mixture of BnCl, and Na,CO, with 
stirriD^ until it becomes black, and removing- the NaCl by waehiug (Sandal, 
Phil. Hag., 1838, (3), 12, SIG; Biittger. A., 1U39, 29, 87). Stamiout bgdroj^de, 
Gu(OH)]*', white to yellowish white, Ib formed by adding alkalis or alkali 
t^rbonutes to Etannous chloride, washing and drying at a low temperature 
(Ditte, 1. eft., 18H2, (5), 87, H3), 

StfiHtile oxide exists In two forms, crystalline and nmorphouB. The native 
tinstone is neurly pure cryatnlline SnO, , For preparation see Bourgeois (0, r., 
1887, 104, S31) and Lery and Bourgeois (C. >., 1882. 94, 13i>o). Amorphous SnO, 
is formed (i) by henting tin in tliu air to a white beat: {i) stannic salts are 
precipitated by alkali carbonates, the precipitate washed and ignited; (3) tin 
is oxidized by nitric acid; (,J) tin filings are ignited in a retort with HgO 
(f>., 2, 1, G4T}. Stannic hydroxide or stannic acid exists in two forms: (I) Nor- 
mal stannic acid, SiiO(OH), ^ H.SnOi , is formed when a solution of stannic 
chloride is precipitated by barium or calcium carbonate (Freing, Pogg., lS-12, 6B, 
510): if an alkali carbonate be used some alkali stannate is also formed. (2) 
Metaatannio acid, H„Sn,0,i. , is formed by decomposition of tin with nitric 
acid (Hay, C. N., 1870, 22, saS; Scott, C. N., ISTtt, 22, 32S); insoluble In acids but 
changed on standing with acids to normal stannic acid, which is readily soluble 
In acids (5h). It is also formed when stannic chloride is boiled In concen- 
trated solution with most of the alkali salts: SSnCl. + 20Na,8O, -(- ISH.O = 
S„6ii.O,. + aONaCl + aoNaHSO, , or according to Fresenius (16th edition), 
271: SnCl. + -lNa,SO. + 4H,0 = Sii(OH), + 4iraCT + 4NaHS0. . 

S. Solnbllitlea. — a,—itetal. — Tin dissolves in hydrochloric acid slowly when the 
acid is dilute and cold, but rapidly when hot and concentrated, stannous 
cbloride and hydrogen being produced (a) ; in dilute sulphuric acid, slowly, witli 
separation of hydrogen (b), (not at all even in hot acid if more dilute than 
B,SO,.riH,0 (Ditte, A. Ch., (5), 27, 145); in hot concentrated sulphuric acid, 
rapidly, with separation of sulphurous anhydride and sulphur (c) ; nitric aciil 
rapidly converts It into metastannic acid, insoluble in acids (d); very dilute 
nitric acid dissolves it without evolution of gas as stannous nitrate and am- 
monium nitrate (e) (Maumene. Bl. (8), 35, 598); nitro-hydrochloric acid dis- 
solves tin easily as stannic chloride (f), potassium hydroxide solution dissolves 
It very slowly, and by otmospheric oxidation (g); or, at high temperatures, 
-with evolution of hydrogwn (ft). Bromine vnpors readily attack melted tin 
■with formation of SnBr, , colorless crystals, melting point 30° (Carnelley and 
0*Shea, J. C, 1878, 33. 55). 

(d) Sn + 2HC1 = SnCl, + H. 

(6) Sn + H,80, = SnSO, + H, 

(c) Sn + 2H,S0. = SnSO, + 2H,0 + SO, 

and then 4Sn80. + 2S0, + 4H,S0. = 4Sb(S0.), + B, + 4H,0 

(d) isSn + 20HNO, + 5H,0 = 3H,.Sn,0,. + SONG 

(e) 48n + lOHNO, = 4Sn(N0,), + 3H,0 + NH.NO, 
(/) Sn + 2C1, = SnCl. 

(g) 2Su + 4K0H + O. = SK,SnO. + 2H,0 

(h) Sn + SEOH — E,8nO, + H, 
b.—Oxlde».Stann<ma oifide is insoluble in water, soluble in acids (Ditte, A. CK, 
1882, (5). 27, 145; Weber, J. C, 1882, 42, 1266). oxidized by nitric acid when 
heated, forming the insoluble metastannic acid. StaitHOua Itydroj^ide is readily 
soluble in all the solvents of the oxide, and Is also readily soluble in fixed 
alkali hydroxides. Siannic oxide, SnO, , is insoluble in woter: soluble with 
difSculty in alkalis; insoluble in acids except in concentrated H,SO, (D., 2. 1, 
648). Sulphur forms SnB, and SO,; chlorine forms SnCl, (Weber, Pogg., 1861, 
112, 61B). Normal »lfinnlc acid, H,SnO, , fresbly precipitated, is soluble In 
fliced aJkali hydroxides and in acids (Ditte, C. r., 188T, 104, 17S); insoluble in 
water and changed by hot nitric acid to the insoluble metastannic acid. 
MetaatanMc acid. H„Bn,0„ , is insoluble In water and acids, KCl changes it to 
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metastAnnic chloride insoluble 1n the ectd, but soluble In water after remoT&l 
ol the acid; eoluble in the fixed alkaliB as metaetaonates, which are soluble in 
water and precipitated by acids. Metaetanoic acid in contact with HCl la 
gradually changed to stannic acid (Barfoed, /. pr., 1867, 101, 36S). 

o. — Salts. — The sulphides and phosphates of tin are insoluble in water, bIbo 
atannous oxychloride; stannous sulphate,* bromide and iodide; and atannic 
chloride and bromtdc dissolve in pure water with little or no de com position 
(PcrBonne, C. r., 1863, 54, 210; aod Carnelley aod O'Shea, J. C, 1878, 88, 5S>. 
Btannous chloride is Eoluble in less than two parts of water (Engi-l, A. Ch., 1891, 
(0). 17, 347); but more water decomposes it, unless a atrong- excess o( acid bo 
present: 2SnCl, + H,0 := SnO.SnCl, + 2HC1 . Pure stannic chlorida is a 
liquid; tp.gr., S.3; boiling point> 1J4°: solidifies at— 33° (Besson, C. r., 1889. 109, 
910). A smnll amount of water added to the liquid combines with heat to form 
cr.vatals of SiiC1..3H,0, which are readily soluble in cNcesa of water (/)., 2, 1. 
6G2). Stannic chloride is not readily decomposed on boiling with water. The 
nitrates of tin are Tery easily decomposed by water and require free acid to 
keep them in solution (Weber. J. pr., 1883, (2), 26, 121; Montemartini. QazsHUt, 
1S92, 22, ZSi). Stnnnic iodide is readily soluble in water (Schneider, Fogg., 1866, 
187, C2;), Stannic sulphate is easily soluble in water, but is decomposed by a 
large excesB (Ditle, C. n, 1S87, 104, 171). Stannous and stannic chloride, and 
stannic iodide are soluble in alcohol. Stannous nitrate and stannic sulphate, 
and bromide are dcUqueticntt. Stannous sulphide is insoluble in water, soluble 
In nCl with formation of H,S; decomposed by HNO, with oxidntion to meta- 
stannic acid; insoluble In solution of the normal alkali sulphides, but soluble 
la the polymitphidea with oxidation to a stannic compound (6f). Stannic sul- 
phide is soluble in HCl, with evolution of H,S; and in solutions of the alkali 
sulphides. 

6. Beaotioni. — a. Alkali hydroxides and carbonates precipitnte from 
eolutions of stannous salts, stannous hydroxide, Sa(0H)2 (4), white, readily 
soluble in excess of the fixed alkali hydroxides, insoluble in water, am- 
monium hydroxide and the alkali carbonates (distinction from antimony). 
It is also precipitated by barium carbonate in the cold (Schaffner, A., 1844, 
81, 174). 

BnCl, + 2E0H = Sii(OH), -|- 2Ea 

Bn(OH), + 3K0H = K.S11O, + 3H,0 
SuCl, -I- 4K0H = E,SnO, -I- 3KC1 + 2H,0 
SnCl, -I- Ha,CO, + H,0 = Sm(OH). + SNaCl + CO, 
By gently heating the solution of potassium stannitc, EjSuO^, cryBtalline 
ftannous o.^idc, SnO, is formed. By rapid boiling of a Ktrong potasaium 
I'-ilroxide solution of stannous hydroxide part of the tin U oxidized and 
;1g remainder precipitated as metnllic tin; SK2SnO, -f- HjO ::= Sn -|- 
KjSnO, -|- 2K0H . The reaction proceeds more rapidly upon the addition 
of a little tartaric acid. Stannic fialts are precipitated by alkali hydrozidK 
and carbonate) as utannic acid, H^SnO, Bolublc in excess of the fixed alkali 
hydroxides, insoluble in ammonium hydroxide and the alkali carbonates 
{Ditto, A. Ch.. 18i)7 (6), 30, 382). 

SnCl. + 4K0H = H,SiiO, + 4KCI + H,0 

HiSnO, + 2K0H = xjSnO, + 2H,0 
BnCl, + fiKOH = K,8nO, + 4K01 + 3H,0 
SnCl. -I- aHa,CO, + H,0 = H.SnO, + 4NaCl + 3CO. 

• SiHDnoQB suliiboto Is accom[i09Cil by an e\oi 
and br asmaU amuuat of hot water forming Bi 
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Metastannic ealts are precipitated as metastannic acid soluble in potaBsium 
hydroxide not too conceutrated, not readily soluble in sodium hydroxide, 
insoluble in ainmonium hydroxide and the alkali carbonates. 

6. — Oxalic acid forms a whiter cryHtalline precipitate with a nearly neutral 
eolutioD of Btacinous chloride, soluble in hydrochloric acid, not readily soluble 
in ammonium chloride. If a ni'arly netitrfll solution of stannoiifl chloriile be 
added drop by drop to a solution of ammonium oxalate, the white precipitate 
which forms at once dissolvee in the excess of the ammonium oxalate. Stannic 
chloride is not precipitated by oxalic acid or ammoiiiniii ox:it;ili' (!laus.mann 
and Lo«wenthBl, A., 1S34. 89, 104). 

Potassium cyEuilde precipitates both stannous and stannic salts, white, in- 
soluble iu e.vcpss of the cyanidea. Fotassium ferroc]raitid« precipitatcH from 
stannous chloride solution atannovg ffrroci/i'nide. Sii,Fe(CN), , white, insoluble 
In water, soluble in hot concentrated hydrochloric acid. Stannic chloride Is 
precipitated as a greenish white gelatinous precipitate, soluble in hot hydro- 
chloric acid, but reprecipitated upon cooling (distinction frnm antimony) 
(Wyrouboff. A. Cft., 1876, (5). 8, 456). Potassium farrlcyanida [irecipitatcs from 
solutions of stannous chloride, slaantms fi-irSciianUle, Sni(Fe(CN)o), , white, 
readily soluble in hydrochloric acid. On warming, the ferricynnide is reduced 
to ferroc.vanide with oxidatioi} of the tin. No precipitate is formed by the 
ferricyanide with stannic chloride. 

C— The nitrates of tin are not stable. Stannous nitrate is detiqvexccni and 
B(K>n decomposcB on sfandingf exposed to the air. Stannous sails when heated 
with nitric acid are precipitated as SnO,; but if stannous chloride be warmed 
with a mixture of equal parts of nitric and hydrochloric acids, stannic chloride 
and ammonium chloride are formed (Kestuer, .1. ('ft., 1800, (aj, 58, 4T1). 

rf.— HypopbosphoTous acid does not form a. precipitate with stnnnous or 
stannic chlorides, nor are these salts reduci'd when boiled with the nciil. Sodium 
hypopbosphite forms a while precipitate with stannoun chloride, soluble in 
exccsa of hydrochloric acid; no precipitate in formetl with stannic chloride. 
Phosphoric acid and KOluble phosphates precipitat;> from solutions of stannous 
salts, not too stronglv ncid, sliiniKiiiii iihimiihtiti: white, of variable compi;sitlon, 
soluble in some acid's and KOH; insnlnlile in wiitir (Leussen. .1., 1S<U), 114, 
Ji:;). With stannic chloride a white gclHtinons ijrccipitme is formed, soluble 
in HCl and KOH. insoluble in HNO, and HC.H.O, . If the stannic .■Ulori.le be 
dissolved in excess of NaOH before the addition of Ka^HPO. and the mixture 
then acidulated with nitric acid, the tin is completely precipitated as stannic 
phosphate (separation from antimony), ilowever, the precipitate always car- 
riea a little antimony (Bomemann, Z.'onffeir., IBOB. 5:is). 

e. Hydrosulphnric acid nud polublu anlphideB precipitate from solutions 
of stannous salts dark browu hydrated stannous svlpMde, SnS {'i), insol- 
uble in dilute, soluble in moderately concentrated HCl ('')■ H is readily 
dissolved with oxidation by alkali supersulphides, the yelloiv sulphides, 
forming thiostannates (c); from which acids precipitate the yellow stannic 
sulphide (d). The normal, colorless alkali sulphides scarcely discolvo any 
stannous sulphide at ordinary temperature, compare (§69, Ge and §70, 6e), 
but hot concentrated Kfi dissolves SnS forming KjSnS, and Sn (?) (Dtttc, 
C. r., 18S8, 94, 1419; Baubigny, J. C, 1883, 44, 22). Potassium and 
podium hydroxides dissolve it as stannites and thiostannitcs (f), from 
which acids precipitate again the brown stannous sulphide (g). Am. 
monium hydroxide and the alkali carbonates do not dissolve it {distinction 
from arsenic, §69, 6e). The insolubility in Gxed alkali carbonates ie 4 

- - 'cSle 
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dtatimction from antimony (§70, 6e). Nitrohydrochloric acid (free chlorine) 
disaolvee it as stannic chloride, with residual sulphur (h). Nitric acid 
oxidizes it to metastannic acid without solution (t) (separation from 
arsenic, §69, Ge). 

(a) SaCl, + H,S = 8nS + 3HC1 

(b) SnS + 2HC1 = SnCI, + H,S 

(c) SuS + (NH.),S, = (NHO.SnS. 

: • (rf) (NH,),SnS, + 2Ha = SiiS, +2NH.C1 + H,S 

(e) BSnS + Z,S = K.SnS, + Sn 

(f) 2StiS + 4E0H = E,SiiO, + K,SnS, + 2H.0 

(0) (E,SnO, + E,8aS,) + 4HC1 = SSnS + 4K0I + 2H.0 
(ft) 2Sii8 + 4C1, = aSnCl. + 8, 

({) saSnS + 40HNO, + iaH,0 = 6H„Sn.O,. + 40NO + ISS, 
Solutions of stannic salts are precipitated as stannic sulphide, SaS, , 
hydrated, yellow, having much tho same solubilities aa those given for 
stannous sulphide, with this difference, that stannic sulphide is moderately 
soluble in normal, colorless, alkali sulphides. The following equations 
illustrate the most important reactions: 
BnCl, + 2H,S = SnS, + 4HC1 
SnS, + 4HC1 = SnCl, + SH.S 
SnS. + (NHO,S= (NH.),SiiS, 
SSnS, + 8(KH,).S, = 2(NH,),8ii8, + 8, 
3SnB, + GKOH = K.BnO, + ZK.SnS, + 3H,0 
(K,SnO, + SE.SnS,) + 6HC1 = 3SnS, + 6XC1 + 3B;0 
BnS. + 2CI, = SnCa, + S, 
ISSnS, + 20HVO, + SH,0 = aH,.Sii,0„ + ISS, + 20K0 

Sodium Uilo«alphat« does not form a precipitate with the chlorides of tin 
(Beparation from Aa and Sb) (Lesser, Z., 18B8, 27, £18). Snlphurona acid and 
sodium Bulpbita precipitate from stannous chloride solution not too strongly 
acid, utannoaa sulphite, SnSO, , white, readily soluble in HCl . When warmed In 
the presence of hydroohToric acid, sulphur dioxide sets as an oxidizing a^nt 
upon the stannous salt. A precipitate of Sn,0,iS| or BnS, is formed, or Hift 
ia evolved and SnCl, formed, depeuding: upon the amount of HCl present. 
CSnCl, + 2SO, + 6H,0 = Sn,0,.S, + ISHCl 
eSnCl, 4- 2SO, + »HC1 = SnS, + SSnCl. + 4H,0 
38n01, + SO, + 6HC1 = 3SnCl. + H.S + 3H,0 
Stannic chloride does not i^ve n precipitate with sulphurous aidd or sodium 
sulphite. 

"Hie sulphates of tin are formed by dissolving the freshly precipitated 
hydroxides in sulphuric acid and evaporating' nt a gentle heat. They cannot be 
formed by precipitation and are decomposed by water (Ditte. A. CK, 1882, (5), 
ST, 145). 

f. — PDtaulum iodide added to a concentrated water solution of stannous chlo- 
ride forms flrst a yellow precipitate soluble in excess of the SnCl, . Further 
addition of EI gives a yellow precipitate rapidly turning to dark orange needle- 
like crystals, often foming in rosette-like clusters. If a. drop of the staoDouB 
chloride solution be added to an excess of potassium iodide the yellow precipi- 
tate is formed, which remains permanent unless a further quantity of stannous 
chloride be added when the orange prectpltate is formed. The orange precipi- 
Mte ts probably SnI, . and is soluble in HCl. EOE . and C,H,OH, soluble fat 
large excess of KI and sparingly f^oluble in H,0 with some decompoaition. 
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The yellow precipitate is probably a double salt of stannous iodide and potas- 
sium iodide, and has about the same solubilities as the oraDg'e precipitate 
(Peraonne, J., 1862, 171; Uoullay, A. Oft.. !S27, (3), 34, 3TZ). Potassium iodide in 
cancentrated solution preeipitatea atanMe iodide, yellow, from very concentrated 
water Bolutions of stannic chloride. The precipitate is readily soluble in water 
to a colorless solution (Schneider, /„ 1866, 229), Hydriodic acid does not give 
free I with Sniv , distinction from Sbv and A»v (Harroun, /, C, 1882. 42, 661). 

The chlorates, bromates and iodatea of tin have not been thoroug-hly studied 
IWatU, 1, 5.19, III., 22; D., 2, 1, 675). Stannous chlorate appears to be formed 
when potassium chlorate is added to a concentrated water solution of stannous 
chloride; it dissolves on addition of HCl, and nearly all diseolves in excess of 
-water. With ZSrO, , bromine is liberated, and with XIO, iodine is liberated. 
Fotaasium chlorate, bromate and iodate all form precipitates with stannie 
chloride, soluble in HCl without liberation of the halogen. 

f.— Stannous aisenatft, 2SiiO.As,0, , a voluminous Idocculent precipitate ia 
formed by adding a solution of SnCl, to a concentrsted acetic acid solution of . 
KgAsOi , decomposed by heating to As , AsiOi and 8ii0, (Lenssen, A., 1860, 114. 
115). Stannic SLTsenate, 2Sn0,.Aa,O, , a white g-elatinous precipitate Is formed 
by adding HHO, to a mixture of Na,SnO, and Na,AsO, (HaeSely. J., 1859, 395). 
With antimony, tin acts as a base, forming stannons and stannic antlmanites 
and antimonates (Lenssen, I. c). 

h. — If potAMlnm chromata be dropped Into a hydrochloric acid solution of 
stannous chloride there is Immediate reduction of chromium with formation 
of a dirty brown precipitate. If stannous chloride be carefully added to potas- 
siom chromat« in excess, an abundant yellowish precipitate is obtained without 
mnch apparent reduction of the chromium. Potassium chromate added to 
atannlc chloride gives an abundance of bright yellow precipitate soluble in 
exceaa of SuCl. , insoluble in H,0 , soluble with dilliculty in HCl. S,Cr,0, 
also gives a precipitate with SuCl, and SnCl, (Leykauf, J. pr., 1B40. 19, 127). 

i. An ammoniacal solution of silver nitrate ie reduced to metallic silver 
b; a solution of potassium stannite. The reagent (silver nitrate solution 
one part, to ammonium hydroxide sixteen parts) serves as a delicate test 
for the presence of Sn" in solution in KOH . The addition of KOH in 
excess to an anknown solution removes all heavy metale except Fb , Sb . 
Sn , AI , Cr , and Zn ; of these tin only precipitates metallic silver from the 
strongly ammoniacal solution in the cold. Antimonous and areenous 
compounds give the black precipitate of metallic silver if the solution be 
boiled. 

y. A solution of mercuric chloride, HgCl,, reacts with stannous 
chloride solution, forming SnCl^ and a precipitate of ^Cl (white) or Sg", 
gray, depending upon the relative amounts present (%66, 6g). 

k. Stannous salts react with {'SE.,)Jl.oO^ , giving a blue-colored 
BotntioD of the lower oxides of molybdenum, constituting a delicate test 
for Sn" {§75, 6^). 

7. Ignitioa. — Before the blow-pipe, on ehareoal, with sodium carbonate, and 
more readily by addition of potassium cyanide, tin is reduced to malleable 
tnstrouB globules — brought to view (if minute, under a magnifier) by repeated 
trituration of the mass with water, and decantation of the lighter particles. 
A little of the whit« incrustation at stannic oxide will collect on the charcoal 
Boar the mass, and, by persistence of the tiame on the globules, the same coat- 
Inr forms upon them. This coating, or oxide of tin, moistened with solution of 
i^idtnf^^ -■ — ■ "-^ '- --'' 
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8. detection. — Tin is precipitated, from the Bolutlon acidulated with 

hydrochloric acid, in the second group by hydrosnlphuric acid, as the sul- 
phide (tie). By its solution in yellow ammonium sulphide it is separated 
from the Copper Group (Eg , Pb , Bi , Cu , and Cd). By the reaction in 
the Marjih apparatus the tin is reduced to the metal and is not dissolved 
as long as zinc is still present. The residue 8n (Zn , Sb , An , and Pt) in 
the JIarsh nppuratus is warmed with hydrochloric acid, which dissolves 
the Sn as SnCI. , This is detected by its reducing action on ^^1, , giving 
a white precipitate of HgCl or a gray one of Hg" (6;). 

.\ yhort test for the detection of tin in the stannous condition, or after 
its reduction to that condition, consists in treating the solution with an 
exc{',=B of cold KOH (i^eparation of Pb , Sn , Sb , Al , Cr , and Zn , from 
all other heavy metals); and adding to this solution, filtered if necessary, 
& Boiutinn of JigSO, in a great excess of NH^OH (ore part Ag'NO, to sixteen 
parts NH4OH). A brown-black precipitate of metallic silver indicate-; 
thnt tin was present in the stannous condition (Ci). Consult also §90 
and §92. 

i). EBtlinatloii. — (/) Gravinietricallv. Tt in ronvertert into SnO, , and after 
ipnition weiprhed. (2) Vnlmiiftrically. To BnCl, ndd KNaC.H.O^ and NaHCO,, 

Ihcii Ronii' Kt.irch iiolution niid a (fradualivl solution nf iodine, until a perma- 
nent liltie cnlomtion appears. (■}) To SnCl^ add plifjht excess of FeCl, , and 
tlptcrmine t>p amount of FeCl, formed, by a (rrndmited solution of KMnO, . 
{',) llv elr-ctrolvtip depositiiiii from a solution of tlie double ONQliitc. renUired 
slifTlitly neid with ovnlic uHd. 

1(1. Oxidation. — :Mcti!llic fin reduces solutions nf Ag , Kg , Bi , Cu , Pt , 
and Au. !■■ the riiefiillic state. Sn" isi n.xidixed to Sn'^ I.v free HNO, , 
UNO,', H,Fe(CN),., . H,SO, and H.SO, (if bol), CI , HCIO , HCIO, , HCIO, , 
Br , HBrO, , I ^ nrd KG, . .Also bv Pb" (in alkaline ?ohition only). Pb"" , 
Ag' \ Eg', ^g", As', As"' (in preseiiee of HCl). Sb^', Mo'''". Bi'". Cu'. 
Pd(irO,),. , Pt'^' \ Fe'", Fe'''', Cr", Co'", Ni'", and llln=+". Chlorine, bromine 
and iodine ac-t more vigorously in alkaline than in acid mixtures. The 
above mentioned metallic forms oxidize Sn" in both acid and alkaline 
mixtures. 

Stnnnou:; chloridG is one of the most convenient and ellieiont of the 
ordinary discriminative deoxidizing agents for operations in the wet way. 
As stannic chloride is soluble in the solvents of stannous chloride no 
precipitate of tin is made by its reducing action; but many other metals 
are so precipitated by reduction to insoluble forms, and are thus identified 
in analysis, e. g., mercuric chloride is reduced from solution, first to white 
mereurous ehloride, and then to gray mercury (detection of mercury); 
silver nitrate, to brown-black silver (detection of tin); all soluble 00m- 

;S.171. •DItte, A. m.. ises, (Kl, 97, IIE. • Thomu, C. r., 1BH>, IBS, 
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pounds of arsenic in strong HCl (detection at arsenic) ; bismuth salts, to 
metallic biemutli (in alkaline mixture §76, 6g); and ferric salts, to 
ferrous salts, left in solution, much used in volumetric analysis of iroa 
(9, and §126, 6g and 9); auric chloride' is reduced to the metal by stannous 
chloride, forming a colored precipitate varying from brown to reddish- 
brown or purple-red according to the amount of stannic chloride present. 
This finely divided precipitate of gold is called " Purple of Cassius " (Max 
Muller, J. pr., 1884, 80, 252). 

Solutions of Sn'^ and Sn" are reduced to the metallic state by Cd , AI , 
In , and Kg . According to Eideal {C. N., 1885, 51, 292) 0.00003 grams 
of tin in solution may be detected as the metal by reduction, osiug the 
gold zinc wire couple. Stannic salts are reduced to stannous aalts by 
metalUe tin, copper or iioa (Men, J. C, 1872, 88, 274). 
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§73. Gold (Anrum) Aa =. 197.2. Valence one and three. 

1. FropartiM.— Sp«ci/lc gratilv, 10.30 to 19.34 (Boss, Pass-, 1848, 75, 403), MelU 
tng point, 1061.7° (Heycock and Neville, J. C, 1605, 67, 189). It is & jeDow metal, 
that from differeot parts of the world varying slig-htly in color; the presence oi 
very small traces of other metals also affects the color. It is softer than silver 
and harder than tin; possesses but little elasticity or metallic rin^. It is the moat 
malleable and ductile of all metals; one gram can be drawn into a wire 2000 
metres long. The presence of other metals diminishes the ductility. It nay be 
rolled into sheets O.OODl mm. thick. At a very high heat it vaporizes (Deville 
and Debray, A. Ch., 1859, (3), 56, 439). It is a good conductor of electricity, 
equal to copper, not so good as silver. It has a high coefficient of expansion 
and cannot be moulded into forms but must be stamped. On account of its 
softness, gold is seldom used absolutely pure, but is hardened by being alloyed 
urjtb other metals, as Ag , Ca , etc. 

3- Occurrence.— Gold is usually found native, but never perfectly pure, beingr 
always alloyed with silver, and occasionally also with other metala. It is found 
as gold-dust in alluvial sand, sometimes in nuggets, and sometimes disseminated 
in veins of quartz. 

3. Preparation. — (I) Washing. Which consists in treating the well-powdered 
ore with a stream of water, the beavy gold settling to the ^ttom. (S) Amalga- 
mation. Which consists in dissolving the gold in mercury and then separating 
it from the latter by distillation. {S) By fusing with metallic lead, which dis- 
solves the gold, the liquid alloy settling to the bottom of the alag. The gold is 
afterward separated from the lead by cupellation. The silver is separated from 
the gold by dissolving it in nltiic or sulphuric acid. Or the whole is dissolved 
in nitrohydrochloric acid, and the gold precipitated in the metallic state by 
some reducing agent; ferrous sulphate being usually employed. Another- 
method is to pass chlorine into the melted alloy. The silver chloride rises to 
the surface, while the chlorides of Zn , Bl , Sb . and As {if present) are vola- 
tilized, and the pure gold remains beneath. A layer of fused bora-c upon the 
surface prevents the silver chloride from volatilizing, (i) By treatment with a 
solution of EClf. (5) By amalgamation with mercury and electrolysis at the 
same time. 

4. Oxides and Hydroxides. — Aurtyu» oxide, Au,0 , la very unstable, heating to 
about 250° decomposes it into the metal and oxygen. The hydroxide is pre- 
pared by reducing the double bromide with SO, in ice-cold solution; heating to 
200° changes it to the oxide (Kriiss, A., 1S86. 237, 274). Auric hydroxide, 
Aii(OE), , is prepared by precipitation from the chloride solution with MgO 
(Kriiss, /. c). It is a yellow to brown powder, changing to the oxide upon dry- 
ing at 100°. Heating to 250° gives the metal and oxvgen. 

3. Eolubllitles.— a.— ifetal.— Gold is not at all tarnished or in any way acted 
upon by water at any temperature, or by hydrosulphuric acid. Neither nitric 
nor hydrochloric acid attacks it under nny conditions; but it is rapidly attacked 
by chlorine (as gas or in water solution), dissolving promptly in nitrohydro- 
c-hloric acid, as niirlc cJiloriilr. AuCl,; by bromine, dissolving in bromine water, 
as auric bromide, AuBr,; and by iodine; dissolving when finely divided in hydri- 
t>dic acid by aid of the air and potassium iodide, as potasgium auric iodide, 
KIAnI,: 4Au + 12HI + 4KI + 30, = IKIAuI, -|- fiH.O . Potassium cyanide 
■olution, with aid of the air, dissolves precipitated gold as potassium anro- 
fVfUitde. KAu(CN),: 4An + HKCN 4- O, + SH^O = 4KAtj(CN). -f -IKOH . 

Gold is separated, from its alloys with silver and base metals, by sohition In 
nitric acid; the gold bcinp left as a black-brown powder — together with 
platinum and oxides of antimnny nnd tin. When the gold-silver or gold-copper 
has not over 20 per cent gold, nitric acid of 20 per cent disintegrates the alloy, 
and effects the separation: when the gold is over 35 per cent, silver or lead 
(three parts) must be added, by fusion, to the alloy before solution. (If gold- 
silver alloy contains 60 per cent or more of silver, it is silver color; if 30 per 
cent silver, a light brass color: if 2 per cent silver, it is brass color.) 

If gold and other metals are obtained in solution by nitrohydrochloric add, 
leaving most of the silver as a residue, the noble metals can be precipitated by 
sine or ferrous sulphate, and the preripilale of gold, silver, etc, treated v^tte 
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nitric udd, wUch will now dissolve out anj proportion of hJIvct not less than 
IS per cent, to 8S per cent ot gold, and diseolve the baser metals. Concentrated 
ra^^nrio *cid dlssolveB eilver, and leaves gold. 

b. — The ooAde) and liydjvxidet of gfold are Insoluble in water, soluble in acids. 
e.—The taitt ot the oxyacida are not stable, bein^ decomposed by hot water. 
Qold sulphide is insoluble in water or aelds, except nitrohydrochloric acid, 
soluble lu alkali sulphides. Aurous salts are decomposed bj water, forming- 
An* and Ati'" . Auric chloride is dtUquetoeTtt; both the chloride and bromide 
are readily soluble in water. The iodide ia decomposed by water, lormisg 
aurous iodide. The double chlorides, bromides, iodides and cyanides are soluble 

6. Beaotioiu. a. The fixed alkali hydroxidea and carbonate! in excess 
do not precipitate AnCI, solutions, as a soluble aurate, EAnO, , readily 
fonm; but upon boiling and nentraliaing the excess of alkali, Aii(OH), 
is precipitated. Anunoniiiiii hydroxide precipitates from concentrated 
solutions a reddish-yellow ammonium aurate, (NH,)iAUaO, , " fulminating 
gold." b. Oxalic aeid reduces gold chloride from solutions, slowly (nitric 
acid should be absent and the presence of ammonium oxalate is advan- 
tageous), but completely. The gold separates in metallic" flakes or forms 
a mirror on the side of the test-tube. SAaClg -f- SHjCjOf = 2Au + 6C0, 
-j- 6EC1 . As platinum, palladium, and other second group metals are 
not reduced by oxalic acid, this method of removal of gold should be 
employed upon the original solution before the precipitation of the second 
groQp metals as sulphides. Potassium gold cyanide, ECK.Aa(CH), , is 
formed when a neutral solution of AnCl, is added to a hot saturated 
solution of ECN . It is very soluble in water and by heating above 200° 
it is decomposed into CN and ECK.AuCH , which latter product is formed 
when gold is dissolved in EClf in the presence of air (5a). c. A solution 
of AqCI, is precipitated as An° by a solution of ENO, . d. Sodium 
pyrophosphate forms with AnCI, a double salt which has found application 
in gold plating, e. Hydrosalplmric acid precipitates from gold chloride 
polution, hot or cold, gold sulphide, variable from An^S to An,Sj , brown, 
insoluble in acids, hot or cold, except in nitrohydrochloric aeid, in which 
it readily dissolves; soluble in alkali sulphides to a thio-salt Alkali 
snlphites precipitate gold chloride solution as double sulphite, i. e. 
Aii,{SO,),.(3fHJ.SO,.6NH3 -|- 3H,0 . Upon boiling the sulphite acts as 
a nulucing ageni, giving metallic gold. 

f. Potassium iodide, added in email portions lo solution of auric chloridii 
(so that the. latter is constantly in excess where the two salts are in 
contact), and when equivalent proportions have been reached, gives a yel- 
lotv precipitate of aurous ioiHde, Anl , insoluble in water, soluble in large 
excess of the reagent; the precipitate accompanied with separation of free 
iodine, brown, whi.^h is quickly soluble in small excess of the reagent as a 
colored solution: AnCl, -f 4H = Aal -f 3KCI -f Ij with EZ . But, on 
gradually adding auric chloride to solution of potassium iodide, so that the 
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latter is in excess at the point of chemical change, there is firet a dark- 
green solution of potaaaio-auric iodide, EIAnl, ; then a dark-green precipi- 
tate of auric iodide, Anl, , very unstable, decomposed in pure water, more 
quickly by boiiiug; thanged in the air bo the yellow aurous iodide. 

g. Stannoui ohloride gives a purple precipitate containing the oxides of 
tin with the gold, " purple of Caaiiui " insoluble in acids. 

A. Perroiu inlphate is the most common reagent for the detection of 
gold, redodng all gold salts to the metallic state; AaCl, -|- 3FeS0, = 
An + re,(SO,), + PeCl, . 

7. IgnlUon. — Gold la reduced from many at its compounds by llsht, and from 
mil ot them by h«at— its separation in the dry way being readily effected by 
fasion with evcb reagents as will make the material fusible. Very small pro- 
portloDB are collected In alloy with lead, by fusion; after which the lead ia 
vaporized In " cnpellation " (!69, 7). 

6. Setectioii. — In the dry way gold is detected by fusion of the mineral 
nutter with lead, to the formation of a " button " which is then ignited 
to drive off the lead, leaving the gold and silver behind as the metals. 
In the wet way the material, if not in solution, is digested with nitro- 
hydrochloric acid which dissolves all the gold. The excess of acid is re> 
moved by evaporation and the gold is precipitated by oxalic acid or ferrous 
sulphate, and identified by its color and iuEolubility in acids. If the 
gold he not removed from the original solution it is precipitated in 
Group II. by HjS , passes into Division A (tin group) by (NH,)iS , and may 
be detected in the flask of the Marsh apparatus by the usual methods. 

9. Zstiinatlon. — Gold it always weig'hed in the metallic state, to which form 
it is reduced: (() By ignition alone if it is a salt cnotaining no fixed acid: if in 
an ore, by mixinfr with lead and fusion to an alloy, nnd final removal of the 
lead by ignition at a whit« heat in presence of nir. (2) Ry adding to the solu- 
tion some reducing agent, usually FeSO, , HiC,0, , chloral hydrate, or some 
easily oxidized metal, such as Zn . Cd , or Mg . {■'!) Gold is also estimated volu- 
metricatly by H,0,0, and the excess of H:C.O, nscd, determined by XUnO, . 

10. Oxidation. — Gold is reduced to tlio metallic ptato by very many 
reducing agents, among which may be mentioned the fonowin,<T: Pb, Ag, 
Hg, Hg*, 8n, Sn", As, As'", AaHj , Sb, Sb'". ShH, , Bi . Cn. Cu', 
Pd, Pt, Te, Fe, Fe", Al, Co, Ni, Cr"', 2n, Mg, H,CA , HNO,, P, 
H,FOi , H,POi , PHj , HjSOj , and a great'numbor of organic substances. 



§74. Platinum. Pt — 104.9 . Valence two and four. 

1. Properties.— Spcri;!e gravifv at 17.0°, Sl.-lS (Deville nnd Debray, C. r.. IRRO. 
BO, 1038). Meltinff point, 1775° (Violle, C. r., 1870, 89, 702). Pure platinum Ih a. 
tin-white metal, softer than silver, hardened by the presence of other metals, 
especially iridium, which it fretinently contains. It is surpassed in ditctilit3- 
aod malleability only by An and Ag. PInllnum htark is the finely divided 
metal, a black powder, obtained by reducing an alkaline solution of the platinous 
oalt with alcohol (Low, B., J390, 83, S89); platinum sponge, a gray spongy masa. 
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by iguitiDQ of the platinum aniinoniuin double chloride; ptolMxtd lubettoa 
(ueuali; 10 per cent Ft), the metal in finely divided form deposited by reduction, 
from the ealt upon asbestos. These finely divided forms of platinum have ^reat 
power of condensation of g'ases, and by their presence alone bring about a num- 
ber of important chemical reactions (catalytic reaction): e-P-, a current of 
hydrogen mixed with air ignites when passed over platJuiiTn litack, also 
hydrogen and chloriue unite. SO, unites with O to form SO,; alcohol is oxi- 
dized to acetic acid, formic and oxalic ac^ids to CO, . As'" to As" , etc. 

2. Occurrence. — Found in nature only in the metallic state. gciicraUy alloyed 
with palladium. Iridium, osmium, rhodium, ruthenium, etc. Tlie Trol .Moun- 
tains furnish the largvst supply' of platinum. 

3. Preparation.— Usually by the wet method. The finely divided ore is treated 
with nitrohydrochloric acid until the platinum is all dissolved. The filtrate is 
then treated with lime water to a slightly ocid reaction; this removes the 
greater part of the Pe , Cu , Ir . Bb , and a portion of the Pd . The filtrate Is 
now evaporated to dryness, ignited and washed with water and hydrochloric 
acid. This gives a commercial platinum which is melted with six times its 
weight of lead and the finely divided alloy digested with dilute HNO, , which 
dissolves out the Pb , Cu , Pd . and Bh . The black powder which remains is 
dissolved in nitrohydrochloric acid, the Pb remaining, removed with H-SO, . 
and the Pt precipitated with NH.Cl . The precipitate contains a little rhodium, 
which Is removed by gently igniting the mass with potaesiup and ammaiiium 
di-sulphate, and exhausting with water, which dissolves out the rhodium- 
sulphate (5105, 7). In the laboratory the platinum residues are boiled with 
XOH or K,CO, and reduced with alcohol. The fine black powder is filtered, 
washed with water and hydrochloric acid and ignited. 

4. Ozldaa and Hydroxides.— Platinum forms two oxides, FtO and PtO, . 
Platinout hydroxide is formed by treating a dilute solution of platinous potas- 
sium chloride with NaAH and boiling (.li.rgensen, J. pr., 1877. (8), 16, 344). 
A black powder easily soluble in HCl or HBr , reduced by formic acid to Ft" , 
erentle heating changes it to the oxide PtO. Ftoiinic t^roxidt, Pt(OH), , Is 
formed by treating a solution tf H.PtCl, with Na,'CO, in excess, evaporating 
to dryness, washing with wafer and then with acetic acid. It is a red-brown 
powder, soluble in NaOH , HCl, HNO. . and H,SO.; insoluble in HC.H.O, . 
Gentle heating changes it to the o.xide PtO, (Topsoe, B., 1870, 8, 462). 

5. SolubilltleB.— a— Wffal.— Platinum is not affected by air or water, at any 
temperature; is not sensibly tarnished by hydrosulphuric acid gas pr solution: 
and is not attacked at any temperature hy nitric acid, hydrochloric acid or 
sulphuric acid, but dissolves in nitrohydrochloric acid (to platinic chloride) 
less readily than gold. b. — Orideg and ki/drorideg. — See 4. r.— Sills. — Platinum 
forms two classes of salts (both haloid and oxy). platinous and platinic. The 
oxysalts are not stable. None of the platinous salts are permanently soluble fn 
pure water. The chloride is soluble in dilute hydrochloric acid and the sul- 
phate in dilute sulphuric ncid. Platinic chloride. PtCl, . and bromide, alt the 
platinicjanides (as PbPt(CN),), and the pintinoevanides of the metals of the 
alkalis and alkaline earths (as K,Pt(CN),), ore soluble in water. The platinous 
and platinic nitrates are soluble in water, btit easily decomposed hy It. with the 
precipitation of basic salts. The larger number of the metallo-plalitiir chlaridet 
or " chloroplati nates " are soluble in water, Including those with sodium 
[Na.PtCl, or (NaCIJiPtCl,]. barium, strontium, magnesium, zinc, aluroinum, 
copper; and those with potassium, and ammonium, are sparingly soluble in 
water, and owe their analytical importance as complete precipitates to their 
inBolubillty in alcohol. Of the mftaUoplatinoux ehloridf* (the " chloroplati ni tea") 
—those with sodium [Na,PtCl,l. and barium, are soluble: zinc, potaaaium and 
ammonium, sparingly soluble: lead and silver. Insoluble in water. Platinic 
gttlphnle. Pt(SO.), . is soluble in water. 

R. Beactlona.— fT,— T'InflnolM rftioridc. PtCl. . is precipitated by EOE as 
Pt(OH), , soluble in excess of the reagent to K,PtO, , potamium plallnite, which 
solution ia reduced by alcohol to "platinum black" (1), PlaHnie rftfortde, 
PtCl, , a brown-red solid, soluble in alcohol and water, forme with EOH or 
WH,OH , not too dilute, n yellow crystalline precipitate of an alkali (K or HH.) 
piatinum cMwide, e. g., E,PtCl, , sparingly soluble in water, soluble in excesa 

" " O" 
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of the alkalis and reprecipitated by hydrochloric acid. X,00| and (ITH(),CO, 
give the same precipitate, insoluble In exceex of the reag'ent. A more complete 
precipitation of the K or NH, is obtained by the use of the chlorides. The 
-sodium platinum chloride, Na,FtCl, , is very soluble in water and Is not formed 
by precipitation with sodium salts. 6. — Oxalic add does not reduce platinum 
salts (distinction from gold). A solution of chloral hydrate precipiiates pla- 
tinum from its solutions. Platinous and platinie salts form with cyanides a 
great number of double salts, c. — See ^c. d.— Hypophoaphoroua acid reduces 
platinum salts to metallic platinum. FhoBphates do not precipitate platinum 

e. HydrosolplLiirio acid precipitates eoluticms of the platinous salts as 
the black exilphide, PtS , insoluble in acids, sparingly soluble in water and 
in alkali sulphidea; plalinic salts are precipitated as platinie sulphide, 
PtS, , black; slowly soluble in alkali sulphides (Ribau, C. r, 1877, 85, 383), 
insoluble in acids except nitrohydrochloric, SalphnT dioxide decolors a 
solution of platinum chloride giving a compound which does not respond 
to the usual reagents for platinum and reqtiires long boiling with HCl for 
the removal of the 80^ (Birabaum, A., 1871, 159, 116). 

f. The chlorides of potassium and ammonium are estimated quantita- 
tively by precipitation from their concentrated solutions with a solution 
of platinie chloride. Fotaatium iodide colors a solution of platinum 
chloride brown-red and precipitates the black platinie iodide, Ptij , excess 
of the KI forming EiPtI, , brown, sparingly soluble (5c). g. Stannous 
chloride does not precipitate the platinum from platinie chloride (distinc- 
tion from gold), but reduces it to platinous chloride. 

A. Ferrona sulphate solution on boiling with a platinum chloride solu- 
tion precipitates the platinum as the metal, the presence of acids hinders 
the reduction. 

7. IgtaHaa.. — All platinum compounds upon ignition are reduced to the 
metal. Owing to the high point of fusibility of the metal and to the 
difficulty with which it is attacked by most chemicals, platinum has 
an extended use in the ohemioal laboratory for evaporating dishes, cruci- 
blea, foil, wire, etc. In the use op platindm appabatdb without 

irKNECSaSABT IN JUHT IT SHOULD BB BEHBUBEBED : 

(J) That free chlorine and bromine attack platinum at ordinary tem- 
peratures (forming platinie chloride, bromide); and free sulphur, phoa- 
phorvs, arsenic, sehnium, and iodine, attack ignited platinum (forming 
plstinooB sulphide, platinie phosphide, platinum-arsenic alloy, platinie 
selenide, iodide). Hence, the fusion of sulphides, sulphates, and phos- 
phates, teith reducing agents, is detrimental or fatal to platinum cmeibles. 
The ignition of organic substances containing phosphates acts as free 
phosphorus, in a slight degree. 

The heating of ferric chloride, and the fusion of bromides, and iodides, 
«ct to some extent on platinum. ' 
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(!8) The alkali hydroxides (not their carbonates) and the alkaline earths, 
especially baryta and lithia, with ignited platinuin in the air, gradually 
corrode platinum (by formation of platinites: 3Pt -f 2BaO ^- 0, = 
SBaPtOi . Silver crucibles are recommended for fueion with alkali 
hydroxides. 

(a) All metali which may be reduced in the fusion — especially compounda 
of lead, bismuth, fin, and other metals easily reduced and melted — and all 
metallic compounds with reducing agents (including even alkalis and earths) 
form fusible alloys with ignited platinum. Mercury, lead, bismuth, tin, 
antimony, zinc, etc., are liable to be rapidly reduced, and immediately to 
melt away platium in contact with them. 

(4) Silica with charcoal (by formation of silicide of platinum) corrode* 
ignited platinum, though very slowly. Therefore, platinum crucibles 
should not be supported on charcoal in the furnace, but in a bed of mag- 
nesia, in an outer crucible of clay. Over the flame, the best support is the 
triangle of platinum wire. 

(5) The tarnish of the gas-flame increases far more rapidly upon the 
already tarnished surface of platinum — going on to corrosion and crack- 
ing. The surface should be kept polished — preferably by gentle rubbing 
with moist sea-sand (the grains of which are perfectly rounded, and dc not 
scratch the metal). Platinum surfaces are also oleaniei by fusing borax 
upon them, and by digestion with nitric acid. 

8. Detection. — Platinum ia identified by the appearance of the reduced 
metal; by its insolubility in HCl or HHO, and solubility in HKO, + HCl ; 
and by its formation of precipitates with ammonium and potaesium 
chlorides. It is separated froni gold by boiling with oxalic acid and am- 
monium oxalate, which precipitate the gold, leaving the platinum in solu- 
tion. The filtrate from the gold should be evaporated, ignited, and the 
residue examined and after proving insolubility in HCl or HHO, , dissolved 
in nitrohyclrochloric acid and the presence of platinum confirmed with 
NHjCl. If the gold and plntinum have been precipitated in the second 
group with HjS and dissolved wiib (NH,)„S, they may be separated from 
As , Sb , and Sn by dissolving the repreci pita ted sulphides in HCl -)- EClO, , 
evaporating lo remove the chlorine and boiling after adding EOH in ex- 
cess, with chloral hydrate, which precipitates the Au and Pt, leaving the 
As , Sb , and Sn in solution. The Aa and Pt may then be dissolved in 
FWO3 -|- HCl and separated jis directed above. FeS04 may be use to pre- 
cipitate Au and Pt , separating them from As , 8h , and Sn . 

0. Estimation. — PlHtinum is invariably weigfhed in the metallic stat«. It is 
broiig-ht to this condition: (1) By simple ignition; (2) by precipitation as 
(ITSJ-PtCl, , K,PtCl, , or PtS, and i^ition; (3) by reduction, uaiog Zn , M? . 
or FeSO. . 

10. Oxldatlan.— SolutionB of platinum are reduced to tlie metallic state i^ the 
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following' metals: Pb , Ag , Hg, Sn (Su" to Pt' onlj), Bl, Cu , Cd , Za, 
y« , Pb' , Co , and NI . Very many organic substances reduce platiTium 
compounds to tile metallic Btat«. 



§75. Molybdenum. Ho = 96.0 . Valence two, three, four and six. 

1. FropuilM.— Specfjl4! gratity, 8.56 (lioughllen, Am. S., 18C8, (2), 45, 131). 
I'ure niolybdenuni appears not to bave been melted: when bested to a very 
faig-h heat In a graphite crucible it tskee up carbon and melts. It is a silver- 
white, hard, brittle metal, not oxidized in the air or water at ordinary tem- 

Eeraturea. Upon lifoliiig in the air it becomes brown, then blue, and finally 
iirus to the white UoO, . Heated to a n^d heat in contact with steam, it 
forms Qrst Lk blue oxide, tben UoO, . 

2, OcCTHTencc^Not found native, but occurs chiefly as molybdenite, UoS,; 
ae an o\i<le in nioi.vbdenuin ochre. HoO,: and as wulfenite, PbUoO, . 

3, Preparatloii. — (1) By heating the oxide, sulphide or chloride in a current 
of owpen free hvdrofren (von der I'fordten, «„ 18S4, 17, 732; Rofjers and 
Mitchell, J. Am. Soc. IDOO, 22, :::;0): (?) bv beating' with C and Na.CO,; (3) by 
beating HoO. with ECN (Loiigblten, I. c). 

4. Oxides and Hydroxides. — Stolt/bdiiug Jtiidroj^-if. KoO.xH^O , is formed tvhen 
moljbdous chloride or nitrate is precipitated with alkali hydroxides or carbon- 
ates, dark brown becoming blue in the air by oxidation. Ha(OH), , black, 
turning red-brown bv oxidation in the air, is formed bv treating' HoCli with 
XOH: also by electrolysis of ammonium molybdafe (Smith. B.. IHaO. 13, 751). 
By beating the hydroxide in a vacuum Ho,0, is obtained iik a black mass, 
insolitliie in acids. KoO, , a dark bluish moss, insoluble in KOH or HCl , Is 
formed by ig'nitinff a mixture of ammonium molybdate. potassium carbonate 
and boric acid, and cxhaustine the fused mass with water (Mulhmnnn, A., 1S8T, 
238, 111), ilalilbdle anhydride (acid), UoO, , white, occurs in nature: it is 
obtained by the ignition of the lower oxidized compounds in the air or in the 
preiience of o^idiziug agents. 

.'i. Solubilities.— Molybdenum is readily soluble in nitric acid wifli oxidation 
to UoO, , evolving WO; in hot concentrated sulphuric acid, evolving SO, . The 
various lower oxides of molybdenum arc soluble in acids forming corresponding 
snltB, not very stable, oxidizing on expi^ure. to miilylidic acid and molybdates; 
on the other hand, reducing ngentn reduce molybdates to the lower forms of 
moivbilenum salts, iieaily all of which are colored brown to reddish brown or 
violet. The salts of molybdenum are nearly all soluble in water. Molybdic 
anhydride, UoO, , white, is sparingly solnblc in wiiter and possesses basic 
properties tov^'arilB stronger acids, dissolving in them to form salts. The 
^•hlorides and the sulphates are soluble in water (Schulz-Sellack, B., 1ST], 4, 14) ; 
the nitrates in dilute nitric acid. The anhydride HoO, combines with the 
alkalis to form molybdates, soluble in water. Molybdates of the other metals 
are insoluble in water. Solutions of the alkali molybdates are decomposed by 
acids forming, UoO, , which dissolves in excess of the acids. 

fi. BeacUonB.— n.— The dyad, triad and tetrad molybdenum salts are precipi- 
tated by the aUcall hydroxides and carbonates, forming the corresponding 
hydroxides, insoluble In excess of the precipitant. These hydroxides oxidize 
in the air to a blue molybdenum molybdate. 6. — A solution of a molybdate 
acidulated with hydrochloric acid give's no red color with ECNS (distinction 
from Pe'"): hut if Zd be added, reduction to a lower oxide of molybdenum 
takes place and an intense red color is produced. Phosphoric acid does not 
deetroy the color (difference from ferric thiocyanate). Upon shaking with 
ether the sulphocyanate is dissolved in the ether, transferring the red color 
to the ether layer. In molybdic acid solutions, acidulated with hydrochloric 
acid, potasaium ferrocyanlde gives a reddish brown precipitate. An alkaline 
soltition of molybdates is colored a deep red to brown by a solution of tannic 
acid. «.— See 9. 
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d. — Tribaaio phiMphorio acid and its salts precipitate, from strong nitric 
acid solutions of ammonium molybdate,* somewhat slowly, more rapidly 
on warming, ammonium phospko-molybdate, yellow, of variable composition, 
soluble in ammonium hydroxide and other alkalis, sparingly soluble in 
excess of the phosphate. Hydrochloric acid may bo used instead of nitric. 
The sodium pko.tpho-molybdate is soluble in water, and precipitate? am- 
monium from its salts; also, it precipitates the alkaloids — for which reac- 
tion it has some importance as a reagent.f Arsenic acid and anenate* 
give the same reaction; ammonium arseno-molyhdate being formed (g). 

e. — Neutral or alkaline solutions of molybdatea are colored yellow to 
brown by hydrosnlphnric acid but are not precipitated. From the acid 
solutions a small amount of the hydrogen sulphide gives no precipitate 
but colors the solution blue; with more hydrosulphuric acid the brown or 
red-brown preeipit-ate, HoS,, molybdenum Iristdphide, is obtained after 
some time. The precipitate is soluble in ammonium sulphide, better when 
hot and not too concentrated, as ammonium thiomolybdate, (HE4)il[oS, , 
from which acids precipitate the trisulphide (Berzelius, Pogg., 1886, 7, 
439), soluble in nitric acid, insoluble in boiling solution of oxalic acid 
(separation from stannic sulphide). 

If Ha,B,0, be added to & solution of ammonium molybdate, Blightly add, 
a blue precipitate and blue-colored solution is obtained. If the eolntioa be 
more strongly acid, a red brown precipitate is obtained. An acid solution of a 
molybdate treated with hypophosphorouB and aulphuroua acids gives an in- 
tense bluish g-reen precipitate or color, depending uffon the amount of molyb- 
denum present. 

f. — Halogen compounds not important in analysis of molybdenum. 

g. — AxBenic add and araeuataa form, with a nitric acid solution of ammoninm 
molybdate, a yellow precipitate of ammonium arteno-muli/tidate, in appearance 
and reactions not to be distinguished from the, ammonium phospbo- molybdate; 
except the precipitation does not take place until the solutions are Rlightly 
warmed, while with phosphates the precipitation begins even In the cold. 
Stannous salts give with (NH,),HoO. a blue solution of the lower oxides of 
molybdenum {a delicate test for Su") (Longstaff, C. N., 1899. TO, 38U). 

ft. — Solutions of the alkali molybdates are soluble in water and precipitate 
solutions of nearly all other metallic salts, forming molybdates of the corre- 
sponding metals, insoluble in water, e. g., E.HoO, + Pb(NO,), = PblEoO, + 
2TtS0,. 

* The imsent ammonium molybdEite, 'TIHi>i MftO,, lapreparod b; dlnolvlnB molrbdlo meUL, 
HoO, 1100 gnuiui. in nmrnoDlum hTdroilde (£60 re. sp. S'r. O-M irith OO aa. water) oooUng. and 
Blowlr pouring this bqIuUod Into weH cooled fairly oonoentrated nJtrlo acid (7B0 co. ep. gi. la 
with TSOoc. wnter) with conetcat BtlrriDg. 

t Sodium Phfwphn-molifhrKite— SonnenBchola'B reagent for acid iolutioasof alkaloids— la pie- 
pan, d asfoUowB: Tho yellow precipitate formed oamlilng Held solutions of nmmonlum molyb- 
date snC BorUnm phOAphate — Iho ammonium phoapho-molylxlate— lawell washed, moiMnded in 
water, and li.ated with sodium carbonate until oompleteiy diMalved. Tbo Boluttori ts BTapoi- 
atod to clryoora, and the i-cslduo gently ig-nlted till all aminonla is eipellcd, aodinm belnr nib- 
stituted for ammoolum. If blaokcalns occun, from reduotlon of molybdenum, the roatduo !• 
moistened with nltrlct Bold, and heated aaaln. It Is then dlssolTcd with water snd nttrlo add 
to strong acldulatlon; the solution being made ten parts to oDO part of roaldue. It must be 
kept from coatact with vapor of ammonia, both durlnc the preparation and when piaSMvad 

" " O" 
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T. Ignltioti. — With mii^rocoBinic snlt, in the outer blow-pipe flame, all com- 
poands of molybdenum give a bead which is Rreeniah while hot, and colorleaa 
on cooling-; in the inner flame, a clear green bend. With borax, in the outer 
flame, a bead, yellow while hot, and colorleRs on cooling; in the inner flame, & 
brown bead, opaque if strong-ly saturated (molybdous oxide). On c}iarcoal, 
io the outer flame, molybdio anhydride is vaporized an a white incrustation; in 
the inner flame (Letter with sodium carbonate), metallic molybdtnunl Is 
obtained ob a gray powder, separatee! from the mass by lixlviation. Dry molyb- 
dates, heated on platinum foil with concentrated sulphuric acid to vaporiza- 
tion of the latter form, on cooling in the air, a blue maee. 

8. Detection. — In the ordinary procees of analyBis, molybdenum appears 
in Divieion A (tin group) of the aecond group with As , Sb , Sn , An , and 
Ft. The solution remaining in the Marsh apparatus is decanted from 
the residue (8n , Sb , An , Pt and excess of Zn) and heated with concen- 
trated UHOa , the molybdenum is oxidized to molyhdic acid. This solution, 
evaporated to dryness, dissolved in ammonium hydroxide and poured into 
moderately concentrated HCl forms a solution of ammonium molybdate 
which may be identified by the many precipitation and reduction tests 
(6 6, e, d, e, i, etc., 7, and 9). If the molybdenum be present as a molybdate 
it may be precipitated from its nitric acid solution by Ha^HPO^ , washed, 
diseohed in ammonium hydroxide, the phosphate removed by magnesia 
mixture (§189, 6a), and the filtrate evaporated to crystallization (Maschke. 
Z., 1873, 12, 380). The ciystals may be tested by the variouB reduction 
teets for molybdenum. 

9. EBtiiiuitl(>ii.^(J) Molybdic anhydride and ammonfum molybdate may be 
rednced to the dioxide by heating In a current of hydrogen gas. The heat 
muit not be permitted to rise above dull redness. Or the temperature mov 
rlee to a white heat, which reduces it to the metallic state, in which form it is 
weighed. (8) Lead acetate ie added to the alkali molybdate, the precipitate 
washed in hot water, and after Ignition weighed as FbHoO, . (S) Volnniet- 
rically. The molybdic acid is treated with zinc and HCl , which converts it into 
KoCl, . This is converted into molybdic acid again by standard solution of 
potassium permanganate. 

10. Oxldatloii.— Itedaeln{> agenta convert molybdic acid either into the hrne 
intermediate oxides, or, by further deoxidation. Into the black molybdous oxide, 
KdO . In the (hydrochloric) ffcid solutions of molybdic acid, the blue or black 
oxide formed by reduction, will be held in solution with a blue or brown color. 
Nitric acidulation is, at courRp, incomfiatible with the reduction. Certain 
reducing agents act as follows: 

Ba— ■— ■■ rt ii ( II I Hw. hjdiwl rt ui i i. atid B ulUL I Uu) K iw .41 ig Win uxlil e MUH T LIb n. 
Cane sngar, In the feebly acid boiling solution, forms the blue color — secD 
l>etter after dilution: a delicate test. Stannous chloride forms first the blve, 
then the frroicn, or the ffreenish brown to black-brown, solntion of both the 
intermediate oxide and the molybdous oxide. Zinc, with HCl or H,SO, , gives 
the Wu«, then green, then ftroipn color, by progressive reduction. Formic and 
rixalie acids do not react. A solution of 1 milligram of sodium (or ammonium) 
molybdate in 1 cc, of concentrated sulphurio ncid (about 1 part to IS40 parts) la 
in use aa Frtehde's Reagent for alkaloids. The molybdenum in this solution, 
which must be freshly prepared for use each time, is reduced by very many 
organic Bubstances; and with a large number of alkaloids, it gives dlatinctlva 
wJoTS, blue, red, bnrwn and yellow. 
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The Copper Group {Second Group, Ditibiox B). 

Xeronry (KeroiuioDin), Lead, Bumath, Copper, Cadmiom (ButheniniB, 
Rhodium, PaUadium, OBmimn). 

§76. Binnutli, Bi = 208.1 . Valence three and five. 

1. PropertlM.— Sped/lc graritv, 9.7474 (Classen, B.. 18B0. B3. 938) ; melting poi)t(, 
26B.32 (Callendar and (irlffitlis, C. -V., 1891, 63, 2) ; it vaporizes at ITon" and the 
density ol the vapor BhowB that the molecule Bi has begun to dissociate (Biltz 
nnd V. Meyer, B., mK<l, 22, 72i). lb is a hard, brittle, reddish-white, lustroui 
metal: (orming- beautiful rbombohaedral crystals when a partially cooled mAHi 
is broken into and the still molten mass decanted. Alloys of bismuth with 
other raetais give compounds of rcmarknbly low melting points, e.g., an alloy 
of; BI two, Sn one, and Pb one part !»■ weight melts at 93.7°; and an alloy of: 
Bi lifteen, Pb eight, Sn four, and Cd three parts by weight melta at 68° 
*■ Mood's Metal." 

2. Occurrence. — It is a comparatively rare metal, not very widely distributed, 
usually found nativi'. It is found in greatest quantities in Sa^^ony: also found 
in Bohemia, France, England antl South America. As mineral ogical varieties 
it occurs as bismuth ochre <Bi,0,), bismuthile (4Bi,0,.3CO,,4n,0). bismuth 
glance (Bi.S,), etc. 

3. Preparation. — The rock containing bismuth, usually with large amounts 
of cobalt, etc., is roasted to remove sulphur and arsenic, which is nearly 
always present. The mass is then fused with charcoal. The molten bismuth 
settles to the bottom below the layer of cobalt. The cobalt becomes solid 
■while the bismuth is still molten, and the two are separated mechnnically. 
The metal is further purified by melting with KNO, or ECN . 

■t. Oxldem.'—BigmHth trhixitle, Bi,0, , is formed by heating the metal in the 
presence of air, or by ignitinir the hydroxide: it. is a pale citron-yellow powder. 
Tlie hydroxide, Bl(OH), , white, is formed by precipitating a solution of a salt 
of bismuth with an alkali hydroxide. If bismuth chloride is used the hydroxide 
formed always contains some osychloridc. BiOGI (Strohraeyer, Poyg.. isri2, 26. 
51!]), The meta hydroxide, BiO(OH) , is formed upon drying the orthohydroxide 
at inn" (Arppe, J'o'i'i.. INt.',, 64, a;;7). liUmiilh pi-nlojiOe. Bi,0, , is formed bv 
igniting Bl(OH), with excess of KOH or NaOH in presence of the air. and 
wsKhing the cooled mass repentedly with cold dilute nitric aeid (Strohmeyer. 
/. c): or by treating Bi(OH), with three per cent H,0, in strong alkaline aohi- 
tion (Hasebroek, B., 1S37, 20, 21-). Tl is a heavy dark brown powder. At l.^O' 
it gives off O, and nt the temperature of Imiling mercury becomes Bi,0, , It 
is decomposed in the cold by HCl with evolution of chlorine. Bistmnitiic ariA. 
HBiO. , or more probably 'Bl.O,.H,0 . is formed npon condticting a rapid 
current of chlorine into Bi(OH), suspended in concentrated KOH solution. 
It is a Ijeautiful scarlet red powder which at 120° gives off its water, becoming 
. B1,0, (Muir, J. C. 1876, 20, 114; Muir and Carnegie. J. C, 1887, 51, 8C). It is 
doubtful if any alkali salt of bismuthic acid exists, although mixtures of XBIO, 
and HBIO, are claimed bv Hoffmann (.4., 1884. 228. 110). and Andrf (C. r., 1891, 
113, 860). The so-calledbfRtnufA (Wmj-Me, Bi^O, . is probably a mixtnre of the 
frioxide and pentoxide. 

a. aolnbilitie«.—o.—.Wf((7(.— Metallic bismnlh is insoluble in hydrochloric 
acid •; soluble in warm concentrated sulphuric acid with evolution of sulphur 
dioxide; readily soluble in nitric acid and in nitrohydroehloric acid. It bums 
In chlorine with production of light: it combines witli bromine, but more slowly 
than antimony; it combines readily upon fusing together with I, 8, Se, Te, 
Aa , and Sb , besides the many metals with which it combines to form ooni- 

*A traoeof biimutboaaalw&jrs be found In golutloa when the metal Is boiled with hydro- 
«UorIo add, but no more th«n wh»B the metal has been boiled with pore water tIHtt« and 
HetzDer, A. Ch., UBS, <n, »», SSD], 
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mercial alloja (J). The halogen derivativea ot pentad biamuth are not known 
(Huir, J. C, 1^ 28, 144). h—Oxiiies und fij/(Iroxfde« .—Bismuth oxide. Bi,0, , 
and the hydroxRKs. Bl(OH), tind BIO(OH). are soluble in hjdrochloriv, nitric 
and snlphuric acida; insoluble iii water and the alkali hydroxides or carbonates. 
The presence of glycerol prevents the precipitation of bismuth hydroxides 
from Bolutions of its salts by the alkalis.* Bismuth pentoxide, BiiOg , is solu- 
ble in HCI , HBr . and HI with evolution of the corresponding halogen and 
formation of the triad salt. Nitric and Biilphuric acids in the cold have bub 
little or no action; when hot the triad bismuth salt is formed with evolution 
of oxygen. 

c. — Salts. — Most of the salts of bismuth are insoluble in water. The 
chloride, bromide, •dide, nitratt, and sulphate are soluble in water acidu- 
lated with their respective acid, or with other acids forming "soluble-" 
bifimuth salts. Pure water decomposes the most of the solutions of biw- 
muth salts forming corresponding oxy-salts (§70, 5d footnote). 

The chloride, bromide and sulphate are deliquescent, ■ 

d. — Water. — A solution of biemuth chloride in wa4(r acidulated with 
hydrochloric acid is precipitated on further dilution with water, bismuth 
oiy-chloride, BiOCl being formed; e. g., BiCl, + H,0 — BiOCl + 8HC1 , 
insoluble in tartaric acid (distinction from antimony, §70,*.'id). The hydro- 
chloric acid set free serves to hold a portion of the bismuth in solution. 
The presence of acetic, citric, and other organic acids prevents the pre- 
cipitation of solutions of bismuth salts upon further dilution with water. 
The washing of the precipitated oxy-salt with pure water removes more o£ 
the acid forming a salt ptill more basic. 

B1(N0.). + H,0 =BiOKO, + SiSSO, 
13B10N0, + H,0 = 0Bi,O„5ir,O. + BHNO, 
This is prevented by the presence of one part ammonium nitrate to five 
hundred parts water (Lowe, J. pr., 1858, 74, 341). 

Bismuth nitrate crystallizes with ten molecules of water, Bi{KO,),, 
lOHjO , It ia decomposed by a small amount of water forming the basic 
nitrate, BiOVOg ; this is soluble in dilute nitric add, when further dilution 
with water to any extent is possible without precipitation of the basic 
salt, but a drop of hydrochloric acid or a chloride causes a precipitate of 
the oiychloride in the diluted solution. The bromide is readily decom- 
posed by water to BiOBr ; the iodide is stable to cold water, but is decom- 
posed by hot water to BiOI (Schneider, A. Ch., 1857 (3), 50, 488); the 
normal sulphate very readily absorbs water to form Bi,(S04),.3HjO , which 
is decomposed by more water to Bi^Og.SO, . 

6. Eeaotions, a. — The alkali hydroxides precipitate from solutions of 
bismuth salts bismuth hydroxide, Bi{OH), , white; insoluble in excess of 
the fixed alkalis (distinction from Sb and Sn), insoluble in ammonium 

• Ixnra <C. IT., IStB, 411. 2B6) dlssolvea tbe bTdTOitdes of copper and bismuth In Blj-ceixit, sdirK 
g-liicoae and gently -wannB. The copper la complexly precipitated and sepnm'i-'l rrnta lbc> Lils- 
muth. Upon boiUny the tutrate (or some time the bismuth la oompletciy piiH'f[iilated as the-l 
metal. ' , . _ . 'MC 
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hydroxide (djstinct^n from Cn and Cd). The hydroxide is converted by 
boiling into the oxide, BijOj , yellowish white. The prrffipitation is pre- 
vented by the presence of tartaric acid, citric acid, glycerol, and certain 
other organic siibstanceB (Kohlcr, J. C, 188C, 60, 428). 

Tlie alkali carbonates precipitate basic bismuth earbonate, Bl,0,.CO, , white, 
insoluble iti exeess of the reiig'i'nt. Freshly pr^ipitated barium carbonate 
forms the same precipitate M'ithout heating:. 

b. — Oxalic acid ami soluble oxalatsa precipitate liismuth oraiatc, Bi,(C,0,), . 
ivhitp. solublf in tooUprntely dilute acidi^. Potassium cyanide forma a white 
'Crystalline precipitate insoluble in excess of the reagent but soluble in nitric 
«r h.vdiT>chloric acid. Totasiiium ferrocyailtda forms a Yellowish white pre- 
^itate, potassium farrlcyanide a brownish yellow, both soluble in hydrochloric 

r. — The action of nitric acid tipon bismuth and its salts is fully explained 
under (S). d.— Metallic biBmatb is precipitated when bfemuth salts are warmnl 
with hypophosphoroua acid (sepafHtion from Zn and Cd) (Muthmann and 
Mawron, Z.. 1HT4, IB, 2091. From Bolutions of bismuth nitrate (5(i)phOBphoric 
add and soluble jfeoaphates precipitate biamutb pbospfaate, BlPOa , white, 
rendlly soluble in HCl; from solutions of th% chloride, diluted as much as pos- 
sible without precipitation, phosphoric acid ^ves no precipitate, but the pre- 
cipitate of the phosphate (soluble in HCl) is obtained with soluble phoephatex. 

f. — ^Hydroaolplortc aoid and sulphides precipitate bismuth sulphtJt, 
BijS, , black, insoluble in dilute acids and in alkali hydroxides; insolnble in 
alkali sulphrdee (distinction frc^ the metals of the tin group) and in alkali 
cyanides (distinction from copper). It is soluble by moderately Tsoncen- 
trafed nitric aciij (distinction from mercury), the sulphur mostly remain- 
ing free. 

Bodlom thloBulphate when warmed with ciolutions of bismuth salts precipitates 
tiamiirft nulphUle. Sulphuric add does not precipitate solutions of bismnth 
t-hloride or nitrate. Potassium sulphate gives a precipitate with solutions of 
both, thnfc with the chloride being- apparently caused by the dilution of the 

/. — Hydrochloric acid and soluble chlorides form a precipitate of bis- 
jnuth oxy-chloride, BiOCI, in Bolutions of bismuth nitrate not containing 
too much free nitric acid. This makes it possible for bismuth to be precipi- 
tated with the silver group salfa (§63, 66). The precipitate is readily 
dissolved on addition of more hydrochloric or nitric acid (distinction from 
the silver group chlorides). 

Eydrobromlo acid and soluble bramidea do not precipitate solutions of bis- 
muth chloride, but do precipitate solutions of the nitrate, forming the oxy- 
bromide, BlOBr , white. The presence of potassium bromide prevents the pre- 
cipitation of a bismuth chloride solution by water and also dissolves tbe oxj- 
chloride which has been precipitated by the addition of water. 

Hydriodlc acid and soluble Iodides precipitate from solutions of bismuth 
salts, unless stronply aeid, bismuth iodide, black or brownish gray crystals. 
quite readily soluble in excess of the reagent • or in strong HCl without warm- 

*Bl8mutfa iodide dlwolves In solution of potuetum Iodide with an liit«a>e Tetlow color, deli- 
cate to oDe-mllllootli (Stone J. Sne. Chem. Jiul., IS87, 0,4161. The mtaialum Iodide SOlntlDn et 
blraiuth Iodide ia used as DrsBeDdorirH reagont to delect tbe presenoe of an alkaloid. Lc«et 
<BI.. I8S8, 00,8]) UBCB cinchoolne acd potassium lix'.Iilo to prove (he preaeDoe of bismuth. IM- 
■ ioBto to oue-Hve huadrad thoussadth. Other melalB nnut be xemoved. 

O" 
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ing-. It is rep re dp hated on diluting the solution with water. Biamuth iodide 
is scarcely at all decomposed by washing' with cold water, but on boiling with 
water it is decomposed into biamuth oxy-iodide, BIOI , red, insoluble in KL , 
soluble in HOI , and in HI (Gott and Muir, J. C, 18B8, 53, 137). 

Chlorit acid dissolves bismuth hydroxide, but the compound decomposes upon 
ei-aporntion (Wachter, A.. 18-M, 52, 333). Potassium bromate and iodate both 
precipitate BolutionB of bismuth nitrate. The iodate formed is scarcely soluble, 
tilt' bromate easily soluble in HNO, . 

(J. — PotaBBium or sodium gtannite hot, when added in excess to bismuth 
solutions, cause a black precipitate, from reduction to metallK bismuth,. a 
very delicate reaction.* The staimite is made, when wanted, by adding 
to a stannous chloride solution, in a test-tube, enough sodium or potaa- 
aium hydroxide to redissolve the precipitate at first formed: SBiClj -|- 
3K,SnO, + 6K0H = 2Bi + 6KC1 + SK^SaO, + 3H,0 (Vanlno and Treu- 
bert, B., 1898, 31, 1113). 

h. — Solutions of bismuth salts, nearly neutral, poured into a hot solution ot 
potassium bichromate precipitates the orange red chromate, (B10),Cr,0,: but 
it poured into a cold soVition of the neutral chromate a citron-yellow precipi- 
tate, .'iBi,0,.2CrO] , is formed. These precipitates are soluble in moderately 
concentrated acids, insoluble in fixed alkalis (distinction from Fb). The pre- 
cipitate with XiCt,0, is used In the quantitative determination of bismuth (9). 

T. Ignition.— On charcoal, with sodium carbonate, before the blow-pipe, bis- 
muth is readily reduced from all its compounds. The yJolmle is easily fusible, 
brittle (distinction from lead), and gradually oxidTzable under the flame, form- 
ing an liu-rualation (K,0,), orange-yellow while hot. lemon-.vellow when cold, 
the edges bluish-white when cold. The incrustation disappears, or is driven 
by the reducing flame, without giving- color to the outer flame. With borax 
or microFosmic salt, bismuth gives beads, faintly yellowish when hot, colorless 
'when cold. . 

A mixture of equal parts cuprous iodide and sulptiur forms nn excellent 
reagent for the detection of bismuth in minerals by the use of the blow-pipe. 
The reagent mixed with the unknown is fused on charcoal 'or on a piece of 
aluminum sheet. A red sublimate indicates bismuth. Mercury gives a, mix- 
ture of red and yellow sublimates (Hutchinga, C. N., 1877, 36, 249). 

Bismuth chloride may be sublime)] at the temperature of boiling sulphur; 
recommended as a separation from lead (Remmler. B., iSOl, iM. 3554). 

8. Detection. — Bismuth is precipitated from its solutions by HjS form- 
ing BijS,. By its insolubility in {HHJ^S.and solirbility in hot dilute 
HITO3 it is separated with Pb , Co , and Cd from the remaining metals 
of the tin and copper group. Dilute H^SO, removes the lead andr 
HH,OH precipitates the bismuth as Bi(0H}3 , leaving the Cu and pd in 
solution. The pi*sence of tlwjjiemiith is confirmed by Ihe action of a 
hot solution of E^SaO, on the white precipitate of Bi(OH), , giving metallic 
bismuth {6g) or by dissolving the Bi(OH), in HCl and its precipitation aa 
BiOCl upon dilution with water {5d). 

9. Eatlma ttpn. — - f 1) Ab metallic bismuth fo^^ed by fusion with potassium 
cyanide. (8) Aa Bl,0, formed by ignition of bismuth salts of organic acids, or • 
of the aolta of volatile inorganic oxyacids. (3) By pre«ipltathin by H,B ..and 

■ForaniodlflcstloDof thistcBtBccMu[r<J. C.. isn, sa, IS). )n| 
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after drying at 100", wei^hio^ as Bl,8, . (j) By precipitation by S.Cr,0, , and 
after drying at 120°, weighing aa (B10},Cr,0, . (5) Viilttmetrlcatly. By precipi- 
tation with K,Cl:,0, . DiaHolve the chromate In dilute acid, transfer to an 
azotometer and reduce the chromate with hydrogen peroxide (Baumann, Z. 
angew., 1891, 331). (6) By precipitation as a phosphate with standard sodium 
phosphate; dilution to definite volume and determination of the excess of 
phosphate in on aliquot part with uranium acetate (Muir, J. C, 1877, 32, 674). 

10. O^dation. — Metallic bismuth reduces salts of Hg, Ag, Ft, and 
Aa to the metallic state. Bismuth is precipitated as free metal from its 
solutions by fb, 8n, Cd, Cd, Fe, A1, Zn, Hg , and HH^FOj (fid). AH 
salts of bismuth are oxidized to 61,0^ by CI or H,Oj In strong alkaline 
mixture (Hasebrock, B., 1887, 20, 213; Schiff, A. Ch., 1801 (3), 63, 474). 
All compounds of bismuth are reduced to the metal by potassium stannit« 
KgSnO, (Gg). Bismuth chloride or bromide heated in a current of hydro- 
gen is partially reduced to the free metal (Muir, J. C, 1876, 29, 144). 
It is precipitated as free metal upon wanning in alkaline mixture with 
grape sugar (5b). 

§77. Copper (Cuprum) Cu = 63.6 . Valence one and two, 

1. Properties.— Speci/lc uravUi/. electrolytic, 8.914; melted, 8.921; natural crys- 
tals, 8.94; rolled and hammered sheet, 8.952 to B.0S8 (Marchand ajid Scheerer, 
J. pr., 1866, 87. 193), netting point, 1080.5 (Heycock and Neville. J. C. 1895, 67, 
190). A red metal, but thin sheets transmit a greenish -blue light, and it also 
shows the same greenish-btue tint when in a molten condition. Of the metals 
in ordinary use, only gold and silver exceed it in malleability. In ductility it 
is inferior to iron and cannot be so readily drawn into exceedingly fine wire. 
Although it ranks next to iron in tenacity, its wire bears about half the weight 
which nn iron wire of the same size would support. As a conductor of heat it 
is surpassed only by gold. Xest to silver it is the best conductor of electricity. 
Dry air has no action upon it; in moist air it becomes coated with a film of 
oxide which protects it from further action of air or of water. It forms a 
number of very important alloys with other metals; bronze (copper and tin), 
brass (copper and zinc with sometimes sm^l amounts of lead or tin), German 
silver (copper, nickel and zinc). 

2, Occuirenca. ^Copper is found native in various parts of the world, and 
especially in the region of Lake Superior, It is found chiefly as sulphides in 
enormous quantities in Montana. Colorado, Chili and Spain; as a carbonate in 
Arizona, It is very widely distributed and occurs in various other forma. 
Copper pyrites is CuFeS,: copper glance, Cu,S; green malachite, Cu,(0H)iCO,: 
blue malachite, Cu,(OH):(CO,),; red copper ore, Cu,0: and tenorite, CuO . 

3. Preparation,— For the details of the various methods of copper-smeiting 
and refining, the works on metallurgy should be consulted. In the laboratory 
pure copper may be produced (/) by electrolysis; (2) reduction by ignition in 
hydrogen gas; (S) reduction of the oxide by ignition with carbon, carbon 
monoxide, illuminating gas, or other forms of carbon; (i) reduction of the 
oxide by K or Ha at a. temperature a little above the melting point of these 
metals; (3) refUiction bv ftiEion with potassium cyanide: CuO -|- KCN ^ Cu -|- 
KCNO . For its reduction in the wet way, see 10. 

4, Oxides and Eydroxidea. — Cuprous <uldc (Cu,0), red. is found native: it ia 
prepared: (/) bv reducing CuO by means of grape-sugar in alkaline mistnre: 
(2) by ignittnp CuO with metallic copper: (3) bv treating an aAmoniacal cuprie 
solution with metallic ci^per; then adding KOH and drying. Cuprous ftirfroj- 
We, CuOH , brownish yellow, is formed bv precipitating cuprous salts '^i**' 
KOH or NaOH , Cuprie oiHde. CuO , black, is formed by igniting the hydroxide. 
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carbonate, sulphate, nitrate and eome other ciipric Baits in the air; or by 
heating the metal In a current ot air. Cuprie ItuiifMMe, CnCOH), , is formed 
b; precipitating cuprie salt^ with EOH or NaOH . It is stated by Bose (Pogg., 
1B63, 120, 1) that tetraeuprle monoxide. (Cu,0 . is formed by treotinfr a oupric 
salt with KOH and a quantity of K,SnO, insufficient to reduce it to the metallic 
state. A penwide of copper, CuO, , is supposed to be formed by treating 
Ctt(OH), with H,0, at 0° (Kruss. B., 1884. 17, 3593). 

5. Solubilities — B.— if «/of,— Copper does not readily dissolve in acids with 
evoUition of hydrogen; it dissolves most rcadilv in nitric acid chiefly with 
evolution of nitric oxide- 3Cu + BHNO. = .■;Cu(NO,), + 4H,0 + 3N0 (Freer 
and Higley, Am.. 1899, 21, 377); also in hot concentrated sulphuric aeid, with 
evolution of sulphurous anhydride: Ca + 2H,S0. = CuSO. + aH,0 4- BO, . If 
dry hydrochloric acid gas be passed over heated copper, CuCl is formed with 
evolution of hydrogen (Weltiien, A. Ch., 1865, (4), 6, 487). A saturated solution 
of hydrochloric acid at 15° dissolves copper as CuCl with evolution of hydrogen. 
The action ia very rapid if the copper be first immersed in a platinum chloride 
solution. Heat favors the reaction and the presence of 10H,6 to one HCl pre- 
vents the action (Engel, C. r., 1895, 121, 528). Hydrobromic acid concentrated 
•eta slowly in the cold and rapidly when warmed, forming CuBr, , with evolu- 
tion of hydrogen. Cold hydriodic acid, in absence of iodine; is witboiit action 
(Mensel, B.. 1S70, 3. 133). Ammonium sulphide, (NH.)i8 , colorless, acts upon 
copper turnings with evolution of hydrogen, forming Ca,S (Heumann, J. G., 
1873, 26, 1105). 

b. — Oxides. — Cuprous oxide and hydroxide are insoluble in water, soluble 
in hydrochloric acid with formation of cuprous chloride, white, unstable, 
readily oxidized by the air to colored cuprie salts. Cuprie oxide, black, 
and hydroxide, blue, are insoluble in water, soluble in dilute acida; in n 
mixture of equal parts glycerine and sodium hydroxide, sp. gr. 1.30 (sepa- 
ration from Cd) (Donath, J. C, 1879, 36, \tS), in a mixture of tartrates 
and fixed alkalis (but precipitated as Cii,0 by heatint; with glucose) (sepa- 
ration from Cd and Za) (Warren, C. N., 1891, 63, IBS); insoluble in 
ammonium hydroxide in absence of ammonium salts (Maumene, J. C, 
1882, 42, 12G6). 

c. — Salts. — All salts of copper, except the sulphides, are soluble in am- 
monium hydroxide. All cuprous salts are insoluble in water, soluble in 
hydrochloric acid and rcprecipitated upon addition of water. Thcv are 
readily oxidized to cuprie salts on exposure to moist air. Cuprous chloride 
and bromide are soluble in ammonium chloride sohitiov (Molir, /. C, 
18T4, 27, 1099). Cuprie salts, in crystals or solution, have a green or 
bine color; the chloride (3 aq.) in solution is emerald-green when concen- 
trated, light blue when dilute; the sulphate (5 aq.) is "blue vitriol." 
Anhydrous cnpric .'!alts are white. The crystallized chloride and chlorate 
are detiqnescent ; the sulphate, permanent; the acetate, efflorescent. 
Ciij)ric basic carbonate, oxalate, phosphate, borate, nrsenite, sulphide, 
cyanide, ferroeyanide, ferricyanide, and tartrate are insoluble in water. 
The ammonio salts, the potassium and sodium cyanides, and the potassium 
and sodium tartrate, are soluble in water. In alcohol the sulphate and 
acetate are insoluble; the chloride and nitrate, soluble. Ether dissolves 
the chloride. >Olc 
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6. Beactions.—o.— Fixed eJkali hydroxidea precipitate acid aolatione of 
cuprous chloride, first as the white cuprous chloride, chauging with more ol 
the alkali to the yellow cuprouH hydroxiAe, Insoluble in excess. Ammonlam 
liydKixide and oarbonate precipitate and redfssolve the hydroxide to a color- 
less solution, which turns blue on exposure. The colorless ammoniacal solution 
ia precipitated by potaEsium hydroxide. Plxed alkali carbanatM precipitate 
the yellow (mprou» carbonate, Cu.CO, . 

Fixed alkalis — KOH — adJetl lo saturation in solutions of cupric salts, 
precipitate cupric hydroxide, Cii(OH)j , deep blue, insoluble in excess unless 
concentrated (Loew, Z., 1870, 9, 4G3), soluble in ammonium hydroxide (if 
too mucli fixed alkali is not present), very soluble in acids, and changed, 
by standing, to the black compound, Cu,Oj(OH)j; by boiling, to CoO . 
If tartaric acid, citric acid, grape-sugar, milk-sugar, or certain other 
organic substances are present, the precipitate either does not form at all, 
or redisEolves in excess of the fixed alkali to a blue solution. The alkaline 
tartrate solution may be boiled without change; in presence of glucose, 
the application of heat causes the precipitation of the yellow cuprous 
oxide. Alkali hydroxides, short of saturation, form insoluble basic salts, 
of a lighter blue than the hydroxide. 

Ammonium hydroxide added short of saturation precipitates the pale 
blue basic salts; added just to saturation, the deep blue hydroxide (in both 
cases like the fired alhaUs); added to supersatnration, the precipitate dis- 
solves to an intensely deep bine solution (separation from bismuth). The 
blue solution is a cuprammonium compound, not formed unless ammonium 
salts be present. It has boon isolated as CuS0^.(NHj)4 (§77, 56). The deep 
blue solution probably consists of this compound in a hvdrated condition. 
i. e. Cu(0H)s.3NH,0H.{NH,),S0, ; or (NHJ,Cu(OH),SO, . Other salts 
than the sulphate form the corresponding compounds: CuClj -\- 4NH4OH 
— .Cu(0H)3.2irH.0H.2NH.Cl . The blue color with ammonium hydroxide 
is a good test for the presence of copper in all but traces (one to 35,000), 
its sensitiveness is diminished by the presence of iron (Wagner, Z., 1881. 
20, 351). Amfflonium carbonate, like ammonium hydroxide, precipitates 
and redissolvcs to a blue solution. Carbonates of fixed alkali metals — as 
EjCOq — precipitate the greenish-blue, basic carbonate, CUj(0H)jC03 , of 
variable composition, according to conditions, and converted by boiling to 
the black, basic hydroxide and finally to the black oxide. Barium carbon- 
ate precipitates completely, on boiling, a basic carbonate. 

From the blue ammoniacal solutions a concentrated solution of a fixed 
alkali precipitates the blue hydroxide, changed on boiling to the black 
oxide, CuO . 

b. — Oxalates, cyanides, ferrocyanldes, ferrlcyanidea and tIilo<7aiiates pre- 
cipitate their respective cuprous salts from cuprous solutions not too strongly 
acid. The ferricyanide is brownish -red, the others are white. The thio^anate 
la used to separate copper from palladium (Wohler, A. CK, 1867, (4), 10, SIO); 
and also from cadmium. In solutions of cupric salts, oxalates precipitate mpriff 
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Fotaaniim cyanide forms the yellowish-green cvpric cyanide, Cii(CH),^ 
soluble in excess of the reagent with formation of the double cyanide^ 
2KCN.Cii(CN)i , unstable, changing in whole or in part to cuprous cyanide. 
The potassium cyanide also dissolves cupric oxide, hydroxide, carbonate, 
sulphide, etc., changing rapidly to cuprous cyanide in solution in the 
alkali cycnide. ' This explains ivhy hydrogen sulphide docs not preclpUale 
solutions of copper salts in potassium cyanide, used as a separation from 
cadmium. PotsMiam ferrocyaaide precipitates cupric fcrroajonide, 
Cii2l'e(CK), , reddish -brown, insoluble in acids, decomposed by alkalis; a 
very delicate test for copper (1 to 200,000); forming in highly dilute solu- 
tions a reddish coloration (Wagner, Z., 1S81, 20, 351), Potassittm ferri- 
cyanide precipitates cupric ferricyanide, Cuj(Fe(CN)„)j, yellowish-green, 
insoluble in hydrochloric acid. 

Potaasium thiocyatiate, with cupric snlls, forms a mixed precipitate of 
cuprous thiooyanate, white, and a black precipitate of cupric tbiocyanate, 
which gradunllj- changes to the white cuprous cumjiound, soluble in NH,OB; 
in the presence of hypophoaphorouB or sulphurous acid \he cuprous thiocyanate 
is precipitated at once (distinction from cadmium and zinc) {IJutchinson, J. C, 
1880, 38, 748). Amroonium benzoate (10 per cent solution) precipitates copper 
salts completely from solutions slightly acidified (separation from cadmium) 
(Gucci. B., 1884, 17, 2659). 

If to a solution of eupric salt slightly acidulated with hydrochloric acid, an 
excess of a solution of nitroso-B-naphthol in SO per cent acetic acid be added, 
tbe copper will be completely precipitated on allowing to stand a short time 
(sepnration from Pb , Cd , Hg , Mn , and Zn) (Knorre, if., ISHT, 20, Zn:)). 

Potaasium xanthats gives with very dilute solutions of copper salt a yellow 
coloration; aecordinp to Wagner (I.e.) one part copper in QOO.OOO parts water 
may be detected. 

C. — Nitric acid rapidly o.xidizes cuprous salts to cupric salts, d. — A solution 
of cupric snlphat» slightly acidulated with hydrochloric acid is precipitated as 
cuprous chloride by cmdinm hypophoaphlte (Cavaiizi, Qa:::elta, 1BS6, 16, ItiT); if 
the sIlK-btly acidulated copper salt solution be boiled with an excess of the 
hypophosphite the copper is completely precipitated as the metal. Sodium, 
pb oap hate, Na,HPO, , gives a bluish-white i)rfcipitate of copper phosjihate. 
CuHPO, , if the reagent be in excess and Cu,(PO.): if tht copper salt be in 
excess. Sodium pyrophosphate precipitates oiipric sa1tR. but not if tartrates 
or thiosulphatcB be presoiit (separation from cadmium) (Vortmann, it., 1SS8, 
81, nor)). 

p.— Cuprous salts (obtained by treating cupric salts with Snpl;) when boiled 
with precipitated sulphur deposit the copper as CuiS (aeparalion from cad- 
mium) (Orlowski, J. C. 1882. 42. 1272). Cuprous salts are precipitated or trans- 
poaed by hydrosnlphuric acid or soluble aulphidaa, forming cuprous sulphide.* 
Cn,S , black, possessing the same solubilities as cupric sulphide. 

With cupric B^t3 HjB gives CuS, black (with some Cn^S), produced 
alike in acid solutions (distinction from iron, manganese, cobalt, nickel) 

•Freshlr pteclpltaCod cuprous sulphide transpose* silver nitrate forming silver sulphide, 
tDetsIlJc silver hdiI ouprlo ulCrate : with ouprlo sulphide, silver aulpblde and oupiic nitrate at« 
formoil (Scbnelder, Poi70.. 18T4, 1S3, 471). FieaLI^ preolpltstod iialphldea of Fa Co, Zn, Cd, 
Fb, Bl. Bk", and Bn", vhea boiled with CnCI Id presence of NaCI ^vb Cu,B and chli>Tlde ot 
do mstsli with ObCI,, OaB and a chloride of the metal are formed, except that SnS civw 
CB(B,CBClKadBB"(RueU«, B..ie84,17,WI). O ~ 
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and in alkaline solutions (distinction from arsenic, antimony, tin). — Solu- 
tions containing only the one-hundred- thousandth of copper salt are 
<;olort-J brownish by the reagent. The precipitate, CnS, is easily soluble 

by nitric acid (distinction from mercuric sulphide); with difficulty soluble 
ty strong hydrochloric acid (distinction from antimony); insoluble in hot 
■dilute sulphuric acid (distinction from cadmium) ; insoluble in fixed alkali 
sulphides, and but slightly soluble in ammonium sulphide (distinction 
from arsenic, antimony, tin); soluble in solution of potassium cyaniSe 
^distinction from lead, bismuth, cadmium, mercury). 

Cjneerningr the formation of a colloidal cuprfc sulphide, eee Spring (B., 1883, 
16, IH:;). According to Brauner (C. A'., 1896, 74, BB) cupric salts with excess 
of hydrogen sulphkie always yield a very npprecinble amount of cuprous 
sulphide. See also Bitte (C. r., 1SS4, 98, 14D2). Solutions of cupric salts are 
reduced lo cuprous salts by boilinp with sulphurous acid (Kohner, C. C, 1886, 
813). Sodium tMosuIphate added to hot solutions of copper salts ^ves a black 
precipitate of cuprous sulphide. In solutions acidulated with hydrochloric 
acid, this is a separation from cadmium (Vortmauu, M.. 18SS, 9, 16S). 

/. — Hydrobromio acid added to cupric solutions and concentrated by 
evaporation give,'* a rosc-rcd color. Delicate to 0.001 m. g. (Endemann 
and Prochazka, C. N.. ISSU, 42, 8). Of the common metals only iron 
interferes. Potassium bromide and sulphuric acid may be used instead 
of hydrobromic acid. 

Hydriodic acid and soluble iodides precipitate, from concentrated sola- 
tions of copper salts, cvprovs iodide, Cnl , white, colored dark brown by the 
iVj Hue separated in the reaction • (a). The iodine dissolves ^'ith color in 
excess of the reagent, or dipfolvis colorless on adding ferrous sulphate or 
soluble Biilpliitcs, by entering into combination. Cuprous iodide dissolves 
in thiosulphatos {with combination). 

The cuprous iodide is precipitated, free from iodine, and more com- 
pletely, bv adding redurinif agents with iodides ; as, Na^SO., , H.SO, , 
FeSO,'(l')." 

(a) 20uS0. +4X1=: 2CuI + 1,-1- 2K,S0. 

(6) 2Cu80, -I- 2KH- 2FeS0. = 2CiiI + K,BO, + I^,(SOJ, 

2CuS0, -1- i'KX + H,SO. -I- H,0 = SCnl -|- 2K,80, -f- H,SO, + 2HI 

(/.— Araenltes. ns EAsO. , or arsenous aoid with just sufflcient alkali hydrox- 
ide to neutralijie It. precipitate from solutions of cupric salts (not the neetate) 
the frreen fifiirr iii'iiiitf. i-liictlv CuHAsO, (Sehcelc's Brecu, " Taris green"), 
readily solulilc in aci.lx and in' iimmouium h,v(lro\idr, decomposed liy strong 
I>otnsKium hviiriixide wiluticui. From cujiric acetate, arscuites precipitnte, on 
boiliufT, nnm-r nirlt)-,ir>:r,iilf. (CuOAb,0.),Cu(C,H,0.), . Schwfinf»rt prei^n or 
IniiMTial frrei-n, "Paris preen." dissolved by ammonium hydroxide and by 
aeids. deeompni'ed bv fixed alkalis. 

Soluhte arsenates preeipitale from solutions of euprie salts cupric arscimte, 
bluish-grecti. readily solulilf in acids and in ammonium hydroxide. 

/r.- -'otassium bichromate does not precipitate solutions of cupric salts; 

the productsof tbfs reactloa, I* 



normol potasBium cbromate farmB b brownlBh-red precipitate, soluble In am- 
momum hydroxide to a green solution, soluble in dilute acids. 

7. I^ltlon. — Ignition with sodium cat-bonate on charcoa.} leaves metallio 
copper in finely divided grains. The particles are gathered by triturating the 
charcoal mass in a small mortar, with the repealed additiou and decantation 
of water antil the copper eubaidea clean. It is recognized by its color, and 
its soltnesa under the knife. Copper readily dissolves, from its compounds in. 
beads of borax and of microco^mic sail, in the outer flame of the blow-pipe. 
The beads are green while hot, and blue when cold. In the inner flame the 
borax bead becomes colorless when hot; the microcosmic salt turns dark green 
when hot, both having a reddish-brown tint when cold (Cu,0) {helped by add- 
ing tin). Componnds of copper, heated in the inner flame, color the outer fiame 
green. Addition of hydrochloric acid increases the delicacy of the reaction, 
giving a greenish-blue color to the flame. 

8. Deteotion. — Copper is precipitated from its Bolutions by H,S , form- 
ing CnS . By its insolubility in {IIHj),8.and solubility in hot dilute HHO, 
it is separated with Pb , Bi , and Cd from the remaining metals of the tin 
and copper group. Diintp H2SO4 with C^HnOH removes the lead and 
ammonium hydroxide precipitates the hismutli as Bi(OH)j, leaving the 
Cu and Cd in solution. The presence of the Cn is indicated by the blue 
color of the ammoniacal solution, by its precipitation as the brown ferro- 
eyanide after acidulation with HCl (6t) ; and by its reduction to Cb" with 
Fe", from its neutral or acidulated solutions (10), Study the text on 
reactions (6) and §102 and §103. 

9, Batlmatton.^(/) It is precipitated on platinum by the electric current or 
by means of zinc, the excess of zinc may be diKsolvpd by dilute hydrochloric 
acid, (2) It is converted into CuO and weighed after ignition, or the oxide is 
reduced to the metal in an atmosphere of hydrogen and weighed as sucb. 
(5) It may be precipitated either by HjS or lfa,S,0, , and, after adding free 
aulptiur and igniting in hydrogen gas, weighed as cuprous sulphide, or it may 
be precipitated by KCKS in presence of H,SO, or H,PO, , and. after adding B, 
ignited in H and weighed as CujS . Cu,0 , CuO, Cu(NO,),.CuCO, , CuSO, . 
and many other cupric salts, are converted into Cu,S by adding S and igniting 
in hydrogen gas. (i) Ry adding KI to the cupric snit'and titrating the liber- 
ated I by Na,S,0,: not permissible with arid radicals which oxidize HI. 
(S) By precipitation as Ciil and weighing after drying at ISO" {Browning, 
Am. S.. ISOri m, 46, 28a>. («) By titratJng in concentrated HBr . using a 
solution of SnCl, in concentrated HCl; the end renction is sharper than with 
SuGl, alone (Etard and Lebeau, C. r.. 1890. 110. 408). (7) By titration with 
Na,S. Zinc does not interfere {Borntriiger. Z. angew., 1893, ni7). (8) By 
reduction with SO, and precipitation with excess of standard NH.CN8; dilu- 
tion to definite volume nnd titration of the excess of NH.CNS in an aliquot 
part, Willi AgNO, {Volhard, A., 1S78, 190, 51). (9) Small amounts are treated 
with an excess of NH,OH and estimated colori metrically bj' comparing with 
stnndard tubes. 

10. Oxidation. — Solutions of Cu" and Cu' are reduced to the metallic 
state by Zn , Cd , Sn , Al , Pb , Fe , Co , Ni , Bi , Mg ', P , and in presence 
of KOH by X,SnO; . .\ bri<iht strip of iron in solution of cupric- salts 
acidulated with hydrochloric acid, receives a bright copper coating, recog- 
nizable from solutions in ]2fl,00n ]>artH of water. With a zinc-platinum 
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couple tlie copper is precipitated on the platiDum and its preeence can be 
confirmed by the use of H^SOi , concentrated, and KBr , an intense violet 
color is obtained (Create, J. C, 1877, 31, 803), Ctt" 18 reduced to Ctt' by 
Co" (Boettger, ■/. C, 1878, 34, 113), by SiiCl, in presence of HCl, in 
presence of EOH by Ai,0, and grape sugar, by HI , and by 30, . Metallic 
copper is oxidized to Cu" by solutions of Hg", "Kg", Agf", Pt'^, and Au'", 
these salts being reduced to the metallic state. Ferric iron is reduced to 
the ferrous condition (Hunt, Am. S., 1870, 99, 153). Copper ia also oxi- 
dized by many acids. 



§78. Cadmium. Cd= 112.4. Valence two. 

1. Pri>p«rtiaa,^Specf;Jc graritg, liquid. 7.989; cooled, 8.67; hammered, 8.6944. 
Melting point. 320.68° (Callendar and Urifflthe, C. A'., ISQl, 63. 2). Hotting point, 
763° to 772° (Carnelley and ^YiniamB, J. C, 187B, 33, 284). Specific heat is 0.0567. 
Yapor dcnitity (H = l), 55.8 (Deville and Troost, A. Vh., 1860, (3), 58, 257). From 
these data the gaseous molecule of cadmium is seen to consist of one atom 
(lUchter, Anorg. Chem., 1893, 303). It is a white crystalline metal, soft, but 
harder than tin or zinc; more tenacious than tin; malleable and very ductile, 
can easily be rolled out into foil or drawn into fine wire, but at HO" it is brittle. 
Upon bending: it gives the same creakiiig sound as tin. It may be completely 
distilled in a current of hydrogen above 800°. forming silver white crystals 
(Kammerer, B.. 1874, 7, 1724). Only slightly tarniBhed by air and water at 
ordinary temperatures. When ignited burns to CdO . When heated it com- 
bines directly with CI . Br , I , P , S , Se , and Te . It forms many useful alloys 
having low meltiug-poiuts. 

2. Occarrence.^ — Found as greenockite (CdS) in Greenlnnd, Scotland and Penn- 
sylvania; also to the extent of one to three per cent in many zinc ores. 

3. Preparation. — Reduced by carbon and separated from zinc (npprosimately) 
by distillnlion, the cadmium being more volatile. It may be reduced by fusion 
with H , CO , or coal gas. 

4. Oxide and Hydroxide.— Cadmium forms but one oride. CdO , either by 
burning the metal in nir or by ignition of the hydroxide, carbonate, nitrate, 
oxalate, etc. It is a brownish -yellow powder, absorbs CO; from the air, becom- 
ing white (Gmelin-Kraut, 3, 64). The ftj(rfnixi(JeCd(OH), is formed by the 
action of the fixed alkalis upon the soluble cadmium salts; it absorbs Cd from 
the air. 

5. Solubiliti»i.—n.—.UrfnI.— Cadmium dissolves ■ slowly in hot, moderately 
dilute hydrochloric or Bulphnric acid with evolution of hydrogen; much more 
readily in nitric acid with generation of nitrogen oxides. It is soluble in 
ammonium nitrate without evolution of gas; cndmluro nitrate and ammonium 
nitrite are formed (Morin, C. r., 1SS5, 100, 1497). ft.— The oxide and ftf/rfroride 
are insoluble in water and the fixed alkalis, Eoluble in ammonium hydroxide, 
readily soluble in acids forming salts; soluble in a cold mixture of fi.ted alkali 
and alkali tartrate, re precipitated upon boiling (distinction from copper) 
(Behal. /. Worm., 1B85, (5), 11, 553). c— Salts.— The sulphide, carbonate, 
oxalate, phosphate, cyanide, ferrocyanide and ferricynnide are insoluble (!27) 
in water, soluble tn hydrochloric and nitric acids, and soluble in NH.OH , 
except CdS. The chloride and bromide are deliquaeent, the iodide is perma- 
nent; they are soluble in water and alcohol. 

6, Beaotiona. a. — The fixed alkali hydroxidca— in absence of tartaric 
and citric acids, and certain other organic substances — precipitate, from 
BOlutions of cadmium sslta, cadmium hydroxide, Cd(OH), , white, insoluble 
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in excess of the reagents (distinction from tin and zinc). Ammoniiun 
hydroxide forms the same precipitate which dissolves in excess. If the 
concentrated cadminm salts be dissolved in excess of aramoniura hydroxide 
with gentle heat and the solution then cooled, crj'stals of the salt, with 
variable amounts of ammonia, are obtained: e. g., CiClj(itiij)i , 
CdSO,(NH,),, Cd{»0,)j(HH,)e (Andre, C. r., 1887, 104, 908 and 987; 
Kwasnik, Arch. Pkarm., 1891, 229, 569). The fixed alkali carboEates pre- 
cipitate cadmium carbonate, CdCO, , white, insoluble in excess of the 
reagent, unmoniTun carbonate forms the same precipitate dissolving in 
excess. Barium cfirbonate, in the cold, completely precipitates cadmium 
salts as the carbonate. 

b. — Oxalic acid aud oxalate* precipitate cadmium oxalate, white, soluble In 
mim-rni acids and ammonium hydroxide. Potassium cyanide preoipilates 
cadmium cyanide, white, soluble in excess of the reanent as Cd(CN),.2KCN; 
teirocyB Hides form a white precipitate; ferrlcyanides a jellow precipitate, 
both soluble in hydrochlorie acid, and in ammonium hj*dro\iiie. Fotassiiua 
■nlphocyanate docH not precipitate cadmium salts (distinction from copper). 
Cadmium salts in presence of tartaric acid are not precipitated by fixed alkali 
hydroNidee in the cold; on boilinir, endmium oxide is precipitated (separation 
from copper and zinc) (Atibel and Ranidohr, A. CJi.. 185S. (3), 52. 109). 
c. — Nitric add dissolvcH all the known compounds of cadmium, d.— Soluble 
phosphates precipitate mdniliim phosphate, white, readily soluble fn acids. 
Sodium pyrophosphate precipitates cadmium salts, soluble in excess and in 
mineral acids, not in dilute acetic. The reaction is not hindered by the pres- 
ence of tartrates or of thio8otphat«8 (separation from Cu) (Vortmann, B., 1S8S, 

21, 1104). 

e. — Hydrogen sulphide and soluble aolphides precipitate, from solutions 
neutral, alkaline, or not too strongly acid, cadmium sulphide, yellow; 
insoluble in excess of the precipitant (Freseniua, Z., 1881, 20, 23G), in 
ammoninm hydroxide, or in cyanides (distinction from copper) ; soluble In 
hot dilute sulphuric acid and in a saturated solution of sodium chloride • 
(distinction from copper) (Cushman, Am., 189(i, 17, 379). 

Sodlom thioBulpbate, Na,S,0, , does not precipitate solutions of cadmium 

salts (Folletiius, Z., 18T4, 13, 43S), but in excess of this reagent, ammonium 
salts being absent, sodium carbonate completely precipitates the cadmium as 
carbonate (distinction from copper) (Wells. C. N., isel, 64, 204). Cadmium 
salts with excess of sodium thiosulpbate are not precipitated upon Iralling' 
With hydrochloric acid (distinction from copper) (Orlowski, ,;. (?., 1883, 43, 13^3). 
f. — The non-precipitation by iodides is a distinction from copper, g. — Soluble 
arseuites and arBenates precipitate the corresponding cadmium salts, readily 
soluble in acids and in ammonium hydroxide. A. — Alkali chromates precipitate 
yellow cadmium chromate from concentrated solutions only, and soluble on 
addition of water. 

I. — A solution of capper and cadmium salts, very dilute, when allowed to 
spread upon a filter paper or porous porcelain plete, gives a ring of the cad- 
mium salt beyond that of the copper salt, easily detected by hydrogen sulphide 
(Bagley, J. C„ 1878. 33. 304). 



* OwlnK t4] the formation of Incompletely-dJuocliited OdCI, , Cdl, 1h BtlU leu d: 
udacconlfnclyCaSilIawilvesiaoreiaadilrliiHI thanfnHCIaDd much more readllr thsnin 
BMO, of the same oonaentratloa. On the other hand, of oourae, pieolpttatlon of the aulpbtda 
takoa place irlUi more ilUBalilty tram the Iodide tlun from the other Mtlta. 
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T. Ignldoii.^-On charcoal, with sodium carbonate, cadmium ealtB are reduced 
before the blow-pipe to the metal, and usually Taporized and reoxidized nearly 
as fast OS reduced, thereby forming a characteristic brown iucrustation (CdO). 
This is volatile by reduction only, being driven with the reducing flame. Cad- 
mium oxide colors the boras bead yellowish while hot, colorless when cold; 
microcosmic salt, the same. If fused with a bead of K,S, a yellow precipitate 
of CdS is obtained (distinction from zinc) (Chapman, J. C, I87T, 31. 490). 

8. Detection. — Cadmium is precipitated from its solutions by H,S form- 
ing CdS. By its insolubility in (NH^)jS. and solubility in hot dilute HHO, 
it is separated with Fb , Bi , and Cn from the remaining metals of the 
aecond group. Dilute H^SO. n-ith C^HgOH removes the lead and KEjOH 
precipitates the bismuth as Bi(0H)3 , leaving the Cn and Cd in solution. 
If copper be present, ECN is added until the solution becomes colorless, 
wh^n the Cd is detected by the formation of the yellow CdS with H,8. 
If Cn be absent the yellow CdS is obtained at onee from the ammoniacal 
solution with H^S . See also 6i. 

9. Estimation. — (/) It is converted into, and after ignition weighed as ao 
oxide. (2) Converted into, and after drying at 100°, weighed as CdS. (5) Pre- 
cipitated as CdC,0. and titrated by KMnO,. (^) Electrolytically from a slightly 
ammoniacal solution of the sulphate or from the oxalate rendered acid with 
oxalic acid. (5) Separated from copper by KI: the I removed by heating; the 
Excess of KI removed by KNO, and H,SO,; the cadmium precipitated bj 
Na,CO, and ignited to CdO (Browning, Am. H.. 1893, 146, 280). (ff) By adding 
a slight excess of H,SO, to the oxide or salt, and evaporation first on the water 
bath and then on the sand bath, weighed as CdSO, (Follenius. Z., 1S74, 13, 277}. 

10. Oxidation.— Metallic cadmium precipitates the free metals from 
solutions of An , ^, Ag, "Eg, Bi , On , Fb , Sn , and Co ; and is itself 
reduced by Zn , M^ , and Al . 



§79. Comparison of Certain Reactions of Bismuth, Copper, and Cadmium. 
Taken in Solutions of their Chlorides, Nitrates, Sulphates, nr Acetates. 





Bi 


Cn 


Od 


KOH or NftOH, in 


Bl(OH)., white. 


Cu(OH)„ dark 
blue. 

Dlue solution. 


Cd(OH)„ white. 


HH,OH. in excess 
Dilution of satu- 


Bi(OH)„ white. 
BiOCl, white (976, 

Partial precipita- 
tion in solutions 
notvery strongly 
acid (576. 6f). 

BiiS,. black, in- 
soluble in KCN. 

Bt, spongy precipi- 
tate. 

BI, blac](. 

Bi. black. 




lodides 


Precipitation of 
Cul. with libera- 
tion of iodine 
(S77, m- 

Cu.S nnd CuS, 
bhick, soluble in 
KCN. 

Cu. bright coating 
(577, 10). 

Cu,0, vellow (S77, 

■oh). 
Cu, pr«cipitnted - 




Sulphides 

Iron or sine 

heat 

E.S11O. + KOH... 


CdS, yellow, insol- 
uble in KCK. 

Cd. gray sponge 
with zinc, no ac- 
tion with iron. 


.. . . ..,,. -. 
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Stbtematic Analtsis of the Metals of the Tin and Coppeb. Group. 

The precipitation of the metals of the Beeond group (Tin and Copper 
Group) by hydrosulphuric acid, and their Bcparation into Division A (Tin 
Group) and Division B (Copper Group). See §312. 

§80. JCanlpiilation.— The filtrate from Group I. (§62), or the original 
solution, if the metals of the silver group be absent, is rendered acid with 
a few drops of HCl , warmed and saturated with hydrosulphuric acid gas. 

2H.A«0. + sHCl + SH,S = As,S, + xHCl + SH.O 
or 2H.AaO, -t- xHCl + SH,S =AS]S. + xHCl + S, + SH.0 

SnCl, + SH,8 = SnS, + 4HC1 

SnCI, + H,S = SnS + 2HC1 
2Bl(NO,), + 3H,S = Bi,B. + 6HNO, 

CdSO. + H,8 = OdS + H,80. 
The precipitate, after being allowed to settle a few minutes, is filtered and 
thoronghly washed with hot water containing a little HCl . A portion of 
the filtrate diluted with water is again tested with H^S to insure complete 
precipitation (§81, 2), and if necessary the whole of the filtrate is diluted 
and again precipitated. The filtrate containing no metals of the second 
group is set aside to be tested for the remaining metals (§128). 

J81. 7!ote».—l. Hy<lro8iilphuric acid gas shoiild be used in precipitating the 
metnls of the eeconil group. It should be generated in a Kipp apparatus, 
nsing' ferrous snlphide. PeS , and dilute commercial sulphuric acid (1-13). 
Commercial hydrochloric acid nay be used Instead of sulphuric. The gaa 
should be passed through n wash bottle containing water to remove any ncid 
that may be carried over mechanically. It should always be conducted through 
a capillary tube into the solution to be analyzed. Less gas is required and the 
solution Ib less liable to be thrcwn from the test tube by the excess of unab- 
■orbed gas. 

t. In testing the filtrate for complete precipitation, Instead of the gas, a cold 
saturated water solution of the gas may well be employed. This dilutes the 
solution at the same time. In treating the unknown solution with H,8 or in 
making a saturated water solution of the gas, it should be passed into the 
liquid until, upon shaking the test tube or bottle rapped wilh the thumb, there 
Is no formation of a partial vacuum due to the further absorption of the gas by 
the liquid. 

3. H,S is decomposed by HNO, or HNO, -f HCl (nitrohydrochloric acid) 
(E2S7, 6B). hence these acids must not be present in excess. If these acids 
were used tn preparing the solutions for analysis, they must be removed by 
evaporation. Sulphuric acidulation is not objectionable to precipitation with 
H,S . but could not be used until absence of the metals of the calcium group 
(Group V.) had been assured. 

i. The precipitation of the silver group has left the solution acid with HCl 
and prepares the solution for precipitation with H,S , if other acids are not 
present in excess and if too much HCl was not employed. The presencp of a 
great excess of HCl does not prevent the precipitation of arsenic (569, fie), but 
does hinder or entirely prevent the precipitation of the other metnls of this 

•group, especially tin, lead (S57, flf). cadmium and bismuth. The solution must 
be acid or traces of Co, Nl and Zr (S135, fie) will be precipitated. No instriic- 
tiona can be given as to the exact amount of HCl to be employed. About one 
part of HCl to 2S of the solution should be present to prevent the precii^tatioa 

- - '!{Ic 
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I of Zn , and it is seldom advisable to use more than one'part of HCl to tea of 

I the solutloii ■ (tfaJH refers to the reagent HCl , 3324). 

, ' I 5. The precipitation takea place better from the wnrm solutions than from 

the cold (§31): hence it is directed to worm the solution before passing in the 

H,8, and before filtering heat again nearly to boiling. If arsenic be present, 

' the solution should be kept at nearly the boiling point, and the gux passed 

into the solution for several minutes (S69. lie). 

B. The precipitated sulphides of the metals of the tin and copper group 
.---^second group) present a variety of colors, which aid m.iterialiy in the fnrther 
analysis of the group. CdS , SnS, , As,S, nnd As,&, are lemon-yeltow: 8b,S, 
and'Sb,S. are orange; SnS, HgS , Ft^ , Bi,S, , Cu,S and CuS are black to 
brownish-black. If too much HCl be present, lead salts frequently precipitate 
a red double salt of lead chloride and lead nulphide (EST, 6e). Mercuric chloride 
at lir^t forms a white precipitate of HgCl,.2HgS . changing from yellow to red. 
and finally to black with more H,S . due to the gradual coiiversion to HgS 
(!58, 6f). 

7. Addition of water to the solution before passing in H,S mav cause the 
precipitation of the oxyehloridcs of Sb . 8n or Bl (Srf; S70, i71 and 876)- Theae 
should not be redissolved by the addition of more BCI . as they are readily 
transposed to the corresponding sulphides by H,S. and the excess of acid 
necessary to their resolution may prevent the precipitation of cadmium or 
cause the formation of the red precipitate with lead chloride, 

8. Arsenic when present as arsenic acid is precipitated exceedingly slowly 
from its eold solutiuns, and tardily even from the hot solutions. Frequently 
the other metals of the group may be completely precipitated and removed by 
filtration, when a further treatment with H,8 causes a precipitation of the 

.— arsenic as As,8, from the hot solution. This alow r»mnatlon of a yellow pre- 
cipitate is often a very sure indication of the presence of pentad arsenic (fi89, 
8V. I). 

9. The presence of a strong oxidizing agent as HNO, , K,Ct,0, . FeCl, . etc., 
causes with H,S the formation of a white precipitate of sulphur (512S, 6e), 
which is often mistaken as indicatinir the presence of a seeond group metal. 
If the original solution be dark colored, it is advisable to warm with hydro- 
chloric acid and alcohol (E126, 0/ and 10) to effect reduction of a possible higher 
o!(idizcd form of Ct or Hn tiefore the precipitation with H,S . thus avoiding 
the unnecessary precipitation of sulphur. 

ffl. Complete precipitation of the metnls of the second group with H,S may 
fail; (1) from incomplete Katuration with the gas (S81, 2); (Z) from the pres- 
ence of too much HCl (§81. 4): (.i) from the presence of much pentad arsenic 
(T60, fif). The first cauue of error may be avoided by careful olwervance of the 
directions in note (2). To prevent the second cause of error a portion of the 
tillrate, after the removal of the precipitate by flitralion. whould be largely 
diluted with wafer (10 volumes) and HjS (gas or saturated water solutioD) 
again added. In case a further precipitate is obtained, the whole of the filtrate 
should be diluted and again precipitated with H,8. This should be repeated 
until the absence of second group melnls is assured. If a slow formation of a 
yellow precipitate indicating Abv ia observed. H,S should be passed into the 

• Aadlllon of B Btrony acid, contjUnng H toniin Js-S'' quantity. dlmtnlaheB the alrewlr aUfffat 
aissooiation of the H,S (i-*4), thus decreastna In numlipr Iho 8 lona, whoso concentration multi- 
plied by that of tlie metal ions munt enual tlio Bolublllty-procluct of the gulphldo In que«tlon. 
before precipitation can tako plane. IToclpltatlon of some of the sulphldos of the Tin and 
Ctorpcr Oroup nay be entirely prevented In this way. 

It frequently happoas that addition of water alone will cause precipitation of thoeo BOlphiae* 
from n etrongly acid solution which baa been saturated with H.s. This appeura Btranp! In vUnr 
ottbcfnetthattheaotd which prcvoDtodpreclpltatlonand the sold whloh flnolly prodncod It 
wero both diluted by thonddeil water In the B«ro6 proportion. But as a matter of fact dilution 
docs not have the same ctteot on a strong acid as on a veak one, DlBsoolotlon la always In- 
creased by dilution, but In much greater ratio In the case of a welkly-dlsKiolated body M H^ 
than where the dissociation of tho aubatanoe Is already practlaallr complete, ai la the ea«e of 
the BtroDg add. Dilution Id tho case mentioned inot«aaes the relative oonoentrmtlon of the S 
lona and ao the >olublllty-pn>duot Is raacbed and preolpltatiOD iMulta. 
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hot solution for fully 30 minutes (Note 5) or the solution should i>e treated \ 
with SO. or some other agent (or the reduction of A*v to As"' (869, 10). \ 

§82. Ifcuiipalation.^ After the precipitate has been well washed with 

hot water the point of the filter is pierced with a small stirring rod and 

the precipitate washed into a test-tube, using as small an amount of water 

as possible. Yellow ammonium sulphide (KHJjSi (§83, 2) is then added 

and the precipitate digested for several minutes with wanning: 

As,S, + 2{NH,),S, =: (NHJ.Aa.B, + 8, 

SnS + <NH.),S, = (KH,),SnS, 

ZSnS, + 2(1TH.),S, = 3(NH,),8n8. + B, 

ZSh,S. + 6(NH,),S, = 4(HB.).SbS, + S, 

3Mo8. + 2(NH,),8, = a(NH.),MoS4 + S, 

The precipitate is then filtered and washed once or twice with a small 

amount of (NH,),S, , and then with hot water. The filtrate consisting of 

Bolutions of the sulphides of ht, Sb", Sn, Au, Pt, Mo {Or, Ir, 8e, Te, 

W, V), constitutes the Tin Oroap (Division A of the second group). The 

precipitate remaining upon the filter, consisting of the sulphides of H{f , 

Pb, Bi, Cn, Cd (Os, Pd, lih, and Ru), constitutes the Copper Qronp 

(Division B of the second group, §96), 

ES3. Nolr». — 1. The precipitate of the sulphides of the tin and copper group 
must be thoroughly washed with liot water (preferably containing H,S and 
about one per cent of reager.t HCl to prevent the formation of soluble colloidal 
sulphides (Sfl9, 5c), to Insure the removal of the metals of the iron and zinc 

f roups, which would be precipitated on the addition of the sninioniuni sulphide 
S144). 

2. YpIIow nnimoniitm sulphide, (NH,),8i , forms upon allowing the normal 
sulphide, (NH,),S, to stand for sometime, or it may be prepared for imme- 
diate use by adding sulphur to the freshly prepared normal sulphide (S2S7, 4). 
For arsenic sulphides the normal ammonium sulphide may be employed, but 
the sulphides of antimony are soluble with difficulty, ond stannous sulphide is 
scarcely at all soluble in that reagent; while they are all readily soluble in the 
yellow polysulphide {6e; S89, 570 and S71). 

3. Cupric sulphide, CuS , is sparingly soluble in the yellow ammouiiira sul- 
phide and will give a grnvish-black precipitate upon acidulation with HCt. 
The sulphides of the tin group ore soluble in the fixed alkali sulphides, K,S ' 
and Na,S: cupric sulphide is insoluble in these sulphides. Mercuric sulphide, 
however, is much more soluble 'n fixed alkali sulphides than cupric sulphide is 
in the (NHJ.S, . If copper be present and mercury he absent, it is recom- 
mended to use K,S or Na,S instead of (NH,),Bi for the separation of the 
«e<-oud group of sulphides into divisions A (tin group) and D (copper group). 
But if Hg* be present, the (KH,),S, should Ire used, and the presence or 
absence of traces of copper be determined from a portion of the filtrate from 
the siher group before the addition of H,S (3103). 

4. The sulphides dissolve more readily in the (NH.),Si when the solution Is 
warmed. An excess of the reagent is to be avoided, as the acidulation of the 
solution cBuseB tbe precipitation of sulphur (1366, 3), which may obscure the 
precipitates of tbe sulphides present. 
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Solution: 
H.AaO.(AffNO..HWO.) 

BemoTB the excess of 
silver by the addition 
of a soluble chloride 
as HaCl or CaCl,, and 
filtration. HCI may 
be used, but an ex- 
cess should be avoid- 
ed (869. W). 


Predpitata: SbA^. ( Ag) 

Digrest with warm re- 
agent hydrochloric 
acid to dissolve the 
antimony: dilute (not 
enough to precipitate 
the antimony, JTO, 
ad) and Alter from 
the precipitate Of 
AgOl if necessary. 


FUtrate from the Oan- 
arator of the Harsh 
Apparatus: Uo (col- 
ored solution of low- 
er oxides). 
(ZnSO,.H.SO.). 

ent, the solution will 
be colored reddish- 
brown to violet. Evap- 
orate to dryness with 
nitric ncid. dissolve 
the residue in am- 
monium hj'droxide, 
and add to dilute nt- 


Beeidue from the Ganerator of the Marah 
Apparatus: Sn , Au, Pt , (Sb , Zn). 

Digest the residue in warm dilute HCI (S71.5o). 
Filter and wash. 


Solution:SnCT,(ZnCl,). 

Add a portion of this 
solution to a solution 
of HgCl] and obtain 
the white precipitate 
of HgCl and the gray 
precipitate of Hg° as 

of Sn (S71. BO- 


Bealdue: Au. Pt, Sb. 

Gold and platinum may 
be detected by dis- 
solving the residue in 
nitrohydrochloricactd 
and confirming by 
the usual reactions of 
these tnelals. 
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Test B portion of the 

the orance precipi- 
tate of sl.Sj (870. 
0« and a): dilute an- 
other portion with 
water to obtain the 
white precipitate of 
BbOCl (870. 5d). 

Test the mirror and 
spots aa directed in 
869, 6'c. 


Pii 


trio add, forming the 
nitric acid solution 

date (§75. oa, foot- 
note). Identify by the 
reactions with Hodinm 
phosphate (!7B. M). 

Frequently the Mo will 
be present in the 
orlfiinal sol^ition as 
molybdates, when it 
can be detected at 
once by its reaction 
in acid solutiona with 
phosphates. 


III 
Its 


Apply the atiorl method 
for tin on this solu- 
tion (!71. 00- Also 
apply the aume test 
to the original solu- 
tion to determine if 
the tin Ib present in 
the stannous condi- 
tion. 

If interferinR metals 
are absent, obtain the 
sulphides, brown- 
black for BnS and 
yellow for SnS, (871, 
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§85. Hanipalation. — The eolution of the sulphides in (HHt)i8^ is care- 
iully acidulated with hj'dvochloric acid : 

2(NH.),S, + 4HC1 = 41IH.C1 + S. 4- 3H.S 
(NH.).Ab,8, + 4HC1 = Ae.S. + 4HH.C1 + 2H.S 
2(lIH,),8b8, + 6HO^ ab,8, + 6HH,C1 + 3H,S 
(NE.).SiiS, + ^j:?:^ SnS, + 2VB.C1 + H.8 
=" 3: = , 
The precipitate obtaifted wljefftlft metals of the tin group are present, 
is usually ycll^T^or orange-fell tfiRand is easily distinguished from a pre- 
cipitaj^of ^ulpl^r al|ne (SnS aad-KftSj -are- brownish-black). It should 
te w41^^^e(= vitli ^t wati|^and then dissolved in hot HCl using email 
fragnfegS P. '^0, (P9,.6ef ffl^g in the solution: 

^ i §■ I 24«fe. -;- ^^ -lli«^5 =f 4H, A^. + 20HCI + 38, 

loval of the chlorine (§69, 10) until it 

[^Ineil IS ^Ut^< it probably consiste of 
tnore thas Sracee of the metals belong- 

tho muchgl^Ci Ed precipitating the sul- 
some of t£e' ^f^hides (CEpeclally SnS,) 

I'jrer sulgl^dr^tfot Sb and Sn are oxidized 
•4 by t]^°liC] aa the higher sulphideB 
t; may ig iioA iaodily observed by the 
itb H,SS fe^ing^i brown precipitate ol 
<irH.)^t*'l fe^recipitating with HCl 

■era — the sijlghides of tin quite readily 
tlmonv, slrrSf Eorroing: SbCl, only; and 
ol Bt flll.4?StrifiD5t only traccB. The 
le in HCir (Jlfi>8«gs Mluble i ' 



Ij soluble Sn^^unfiiAnium carbonate (969, 
ulphides <tf ^S^tbid Sd, wbtch 9re prac- 
; BUggeal£C^€t&Dd ^f analysis based 
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. {86, 6. DIRECTIONS FOR ANALYSIS WITH NOTES. 

Digeet with solution of ammonium carbonate and filter. 



Bealdiu: SnB, , Sb.S, , (B) . 

IMMolve in hot bTdroohlorio vAA (5c, STO 
and f71). 

Solution: BnCl, , SbCl. . 

Treat nith sino and bydrocliloiio add In 
Marsh's apparatus ({68, 6'a). ^ 



I>«posit: Sn, (Sb). 



Solution: SnGl, . 



Oaa: SbH. . 
(Test tbe i 



,6-0,'/)"' 



Keceive tbe gas In 

■ I of sliver 

Dissolve the 

tate(8bAg.) 

r, 6f), aod test 

— ,S (S87 and 



Soltitloii: 
(]IH.).AsS, + (I7H.).AsO. 

(KH.).Aa,S, + (irH.).As,0, . 

Precipitate by bydrocMorlc add; 
filter; wash the precipitate and 
dissolve it by chlorine gener- 
ated from a minute frajfnient of 
potassium chlorate and a little 
brdrochloric add (E60. be). 

Expel all free chlorine (note 9, 
and g69, 10). 

Solution: H.AsO. . 

Apply Marsh's Test, as directed in 
ge9, fl'a, testlngr the spots ({69, 
6'o); receiving- the gas in solu- 
tion of bUtst nltrato, and test- 
ing tbe resulting solution (S8T). 



Tbe plan above giTen may be varied by separating antimony and tin bj/ ammo- 
nium earlxmate'ln fully oxidized solution, as follows: Tbe Sb,S, and SnS, are 
dissolved by nitrobydrocbloric acid, to obtain the antimony as pyroantimonic 
Bcii^^The solution is then treated with excesH of ammvniiim curboiuite, in a 
vesiJrwide enough to oilow the carbonic acid to escape without waste of the 
Bolution. 

The soluble diammonlum dihydrogen pj-roantimonate, (NH,),H,Sb,0, , is 
formed- Meanwhile the SnCl, is fully precipitated as H,SnO, (571, 6fl), and 
may be filtered out from tbe solution of pyroantimonate. 

"The liability of failure, in this mode of separating antimony and tin, lies in 
tbe non-formation of pyroantimonic ocid by nitrohydrochloric aoid. The onli- 
nary antimonic acid forms a less soluble ammonium salt, but this acid is not 
so likely to occur in obtaining the solution with nitrohydrochloric as <inll- 
mani»i» chloride. SbCl, . Excess of ammonium carbonate does not redissolve 
tbe Sb,0, which It precipitates from SbCI, , as stated in S70. Ra. 

The above plan may also be varied afi follows; After removal of the arsenic 
sulphide with (NH,)]CO, , the rcaiiliie is dissolved in strong HCl . not usiuR 
SCIO, or HNO, . The solution consists of SnCl, and SbCl, . Divide in two 
portions; (1) Add Bn on platinum foil. A black precipitate indicates Sb° . 
(3) Add iron wire, obtaining Sb° and Sn"; tllter and test the filtrate for Sn by 
BgCl, {Pieszczek, Arch. Phann.. 19!>1, 229. 6G7). 

6. The Rulphides of As . 5b and Bn arc all decomposed by concentrated nitric 
acid, which furnishes a basi)* of en excellent separation of the arsenic from the 
antimony and tin (Vaughun, American Chemint, 1S75, 6. 41). The sulphides 
rcprecipitated from the (NH.).S, Bolution by HCl are well washed, transferred 
to an evaporating dish, hentcd with concentrated HNO. until brown fumes are 
no longer evolved, and then evaporated to dryness, using sufficient heat to 
expel the HNO, and the H,BO, formed by the action of the HNO, upon the S . 
The heating should be done on the sand bath. The cooled residue is digested 
for a few mlnutea with hot water, the arsenic passing into solution as H,A80, , 
and the antimony and tin remaining as residue of Sb,0, and SnO, . The pres- 
ence of arsenic may be confirmed by tbe reactions with AgNO, (S69, <>/), CuSO, 
(SeS, Cfc) by the Marsh test (SS9, G'a), or by precipitation with magneijia mi^^ 
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ture (968, 6i). A portion of the residue may be tested In the Marsh apparatus 
for the Sb (170, 6/), another portion may be reduced and diseolved in an open 
dish with Zn and HCl (not ollowuble if As be present. 5T1, 10), and the result- 
ing BnCl, identified by the reaction with HgCl, (S71, W). 

7. The precipitated sulphides must be thoroughly washed to insure the 
removal of the ammonium salts, since in their presence the dangerously ex- 
plosive nitrogen chloride (£268, 1) could be formed when the sulphides were 
dissolved in HCl with the aid of KCIO. . 

8. Instead of chlorine (HCl + KCIO.). nitrohydrochloric acid may be em- 
ployed, but it is liable to cau&e the formation of a white precipitate of Sb,0, 
and SnO, . 

!). The chlorine should all be remoTed, as the metals cannot be reduced by 
the Zn and H,80, in the Marsh apparatus fn the presence of powerful oxidising' 
agpnts as CI . This would also require evaporation to expel the HNO, , if 
nitrohyiirochloric acid were used to effect solution. 

10. Hydrogen peroxide, H,0, , decompoECs the sulphides of arsenic and anti- 
mony with oxidation. The nrsenic will appear in the solution, the antimony 
remainini; as a white precipitate of the oxide (a sharp separation) (Luzzato, 
Arch. Ptiarm., 1886, 224, 772). 

§87. Manipulation. — The Bolution of the ^^Bg of the ^^broup is 
then ready to be transferred to the Marsh apfSSlus (the diTOlions for 
the use of the Marsh apparatus are given under arsenic (§69, 6'a), and 
should be carefully studied and observed. They will not be repeated 
here). Only a portion of the solution should be used in the Marsh appar- 
atoe, the remainder being reserved for other tests. The gas evolved from 
the Marsh apparatus is passed into a solution of silver nitrate, which by 
its oxidizing action effects a good separation between the arsenic and 
antimony (§88, S) : 

AaH. + GAgSO, + 3H,0 = H.AaO. + 6Ag + 6HK0. ^ 

SbH, + 3AgN0. = SbAg, + 3HN0, 
■ The hard glass tube of the Marsh apparatus is heated while the gas is 
being generated, a mirror of arsenic and antimony being deposited, due 
to the decomposition of the gases (§89, 6'c) ; 28bHj — 2Sb + 3Hj . The 
ignited gas is brought in contact with a cold porcelain surface for the 
production of the arsenic and antimony spots (§69, G'b). Failure to obtain 
mirror, spots, or a black precipitate in the AgNO, is proof of the absence 
of both arsenic and antimony. The black precipitate obtained in the 
silver nitrate solution is separated by filtration, washed and reserved to be 
tested for antimony. The filtrate is treated with HCl, or a metallic 
chloride, as CaCl, or NbCI , to remove the excess of silver and, after evapor- 
ation to a small volume, is precipitated with HjS . A lemon-yellow pre- 
cipitate indicates arsenic. The black precipitate from the silver nitrate 
solution is dissolved in hot reagent HCl : SbAg, + 6HC1 = SbCl, -f- 
3AgCl . _ Tile excess of acid is removed by evaporation, a little water is 
added (§70, Bd and §59, 5c) and the ^:C1 removed by filtration. The 
filtrate is divided into two portions. To one portion HjS is added; an 
orange precipitate indicates antimony. The H^S may give a black precipi- 
tate of AgjS from the AgCl held in solution by the HCl . If this be the 
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case, to. the other portion one or two drops of KI are added and the 
solution filtered. This filtrate is now tested for the orange precipitate 
withHjS. 

The mirror obtained in the hard glass tube ahould be examined as 
directed in the text, especially by oxidation and microscopic examination 
(§69, 6'c 5). The spots should be tested with NaClO and by the other tests 
as given in the text (§69, 6'c 1). 

i88. 2fote». — ArB«nic — 1. All compounds of arsenic are reduced to arsine b; 
the Zu and H,80, in the Marsh apparatus. Hence K strong oxidizinff agents 
are absent, the original solution or powder may be used dir«ctly in the Marsh 
apparatus for the detection of arsenic; but sulphides should not be present. 

3. The burning- arsine forms AsjO, , which may be collected as u heavy white 

Sowder on a piece of black pB]>er placed under the flame. Antimony will also 
eposit a, similar heavy white powder. 

5. The arsine evolved is not decomposed (faint traces decomposed) upon 
passing through a drying tube containing' soda lime or through a solution of 
KOH (distinction and separation from antimony). 

4- Arsenites and arsenat'es are ttistinguished from each other by the following 
reactions; (a) Arsenous acid solution acidulated with ECl is precipitated In the 
cold instantly by E,S; arsenic acid under similar conditions is precipitated 
exceedingly slowly ({69, 6e). (6) Neutral solutions of arsenites give a yellow 
precipitate with AgNO,; neutral solutions of arsenates give a brick-red pre- 
cipitate. Both precipitates are soluble in acids or in ammonium hydroxide 
^{59, 6g), (c) Iilagnesia mixture precipitates arsenic acid as white magnesium 
ammonium arsenate. KgirH.AaO,; no precipitate with arsenous acid (§189, f<g). 

(d) HI gives free iodine with arsenic acid; not with arsenous acid (!69. 6/). 

(e) Alkaline solutions of arsenous acid are immediately OTcidized to the penta4 
arsenic compounds hy iodine {569, 10}. (f) Potassium permanganate is imme- 
diately decolored by solutions of arsenous acid or arsenites; no reaction with 
arsenates (!69, 10). 

689, .Vo(fs.— Antimony. — 1. If antimony be present in considerable amount, 
it (in the form of the sulphide) is most readily separated from arsenic by 
boiling with strong HCl (solution of the antimony sulphide, (S70, fie)); or by 
digesting with (NH,),CO. or NE.OH (solution of the arsenic (589, ic)). 

2. For the detection of traces of antimony, the most certain test is in its 
Tolatilization as stibine in the Marsh apparatus and precipitation as SbAf , , 
antimony argentide, with AgNO,: this is a good separation ffom arsenic and 
tin, and after flitration It remains to dissolve tht' SbAg, in concentrated HCl 
and identify the Sb as the orange precipitate of SbjS, . The formation of the 
black precipitate in the AgNO, solution must not be taken as evidence of the 
presence of antimony, as arsine gives a black precipitate of metallic silver with 
AfNO, . A trace of antimony may be found in the fiitrate from the SbAg, , 
hence a slight yellow-orange precipitate from this soliilion must not be taken 
as evidence of arsenic without further examination (S69, 7). 

S, &b,S, is precipitated from solutions quite stn 
the presence of equal parts of tiie concentrated ai 
precipitated as sulphide if there be present mor< 
centrated acid to three of the solution (S70, Cr), 
of sepamtion. Tlie addition of one volume of cunci 
of the solution under examination before passing 
precipitation of the tin while allowing the complete 

i. If the sulphides of As, Sb and Sn are evaporated to dryness with con- 
centrated HNO,; the residue strongly fused with Na.^CO, and HaOH: and the 
cooled mass disintegrated with cold water, the filtrate will contain the arsenic 
as sodium arsenate, N'a,A80, , and the tin as sodium stannate. Na^SnO,: while 
the antimony remains as n residue of sodium pyroantimonate, Na,B]Sb,0, 
(!70. 7). 
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7. Stlbine is evolved much i 
Knd some metallic aatimoDv v 
tin (no. 6/). 

6. If organio acids, as tartaric or citric, be preBent, they should be removed 
by careful i^itEon with E,CO, as preliminary to the preparation of the sul>- 
Htance for auslyaiB, since they hinder the complete precipitation of the anti- 
mony with H.S (S70, 6e). 

7. Antimonic eompounda are reduced to the antimonous condition by HI with 
liberation of iodine (870, 6^ and 10), Chromates oxidize antimonous sali.s to 
antimonic solts with formation of grreen chromic salts (S70, &h). EKaO, also 
oxidizes antimonous salts to antimonic salts, a man^nous suit bein); formed 
In acid solution (S70. &h). No reaction with antimonic salts. Antimonous 
Baits reduce gold chloride; antimonic salts do not (S73, 10). 

§90. Kanipnlatioii. — The contents of the generator of the Marsh appar- 
atus should he filtered and waghed. The filtrate, if colorless, may be 
rejected (absence of Mo). A colored filtrate, blue to green-brown or black, 
indieates the probable presence of some of the lower forms of molybdenum. 
The solution should be evaporated to dryness with an excess of HHO^ , 
which oxidizes the molybdenum to molybdic acid, MoO, . Tlie residue 
is dissolved in NH,OH (the ziuc salt present does not interfere) and poured 
into moderately concentrated nitric or hydrochloric acid (§78, &d footnote). 
This solution is tested for molybdenum by Na^HFOf , The original solu- 
tion should also he examined for the presence of molybdenum as molybdic 
acid or molyhdate (§75, Gd)- 

The residue from the generator of the Marsh apparatus may contain 
8b, Sn, Aa, and Pt with an exceas of Zn. It should be dissolved as 
much as possible in HCI . 8b , Au , and Pt are insoluble (§70, 5a). The 
Sn passes into solution as 8iiCI, and gives a gray or white precipitate with 
E^j, depending on amount of the latter present (§71, 6/): 
SnCl, -|- HgCl, = SnCl. + Bgr 
8aCl, + Z'SgCl, = 3HgCl + SnCl, 
The presence of Sn" should always be confirmed by its action in fixed 
alkali solution upon an ammoniacal solution of Ag^NO,, giving Ag" 
(§71, 6t). 

An and Pt may he detected in the residue, but it is preferable to precipi- 
tate them from a portion of the original solution by boiling with ferrous 
sulphate (6A, g§73 and 74). Both metals are precipitated. They arc then 
dissolved in nitro-hydroehloric acid and evaporated to dryness with am- 
monium chloride on the water bath. The residue is treated with alcohol 
which dissolves the double chloride of gold and ammonium, leaving the 
platinum double salt as a precipitate, which is chang;ed to the metal upon 
ignition. The alcoholic solution is evaporated, taken up with water and 
the gold precipitated by treating with FeSOj (§73, 6ft), by boiling with 
oxalic acid (§73, 66), or by treating with a mixture of SnCl, and SnCl« 
(Cassius' purple) (§73, 6,17). 

If a portion of the original solution, free from UDO3 , be boiled with 
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oxalic acid the gold is complete!; precipitated as the metal, separatioo 
from the platinom which is not precipitated (§7^ 6b). 

gOl. — yo(M,— MolybdMwmi.— J. In the re^lar coiirae of analyeis, molyb- 
denum remains in the flaek of the Marsh apparatus as a dark colored solution, 
the Zn and H,SO, acting as a reducing agent upon the molybdic acid. 

2. II the molybdenum be present in solution as molybdic add or a molybdate. 
it may be separated fn the acid solution from the other metals by phosphoric 
acid in presence of ammonium RaltE, forming the ammonium phosphouiolyb- 
date; insoluble In acids, but soluble in ammonium hydroxide (S75, 6d), 

3. In ammoniacal solution of a phosphomolybdate, magnesium salts precipi- 
tate the phosphoric acid, leaving the molybdenum as ammonium niolybdate in 
solution, which may be evaporated to cryatalliiiation (method of recovering 
axninonium moiybdate from the ammonium phosphomolybdate residues). 

582. Tin.—;. Tin requires the presence of much less HCl to prevent its pre- 
cipitation by H,8 than arsenic or antimonv (S89, 3). 

2. The yellow ammonium sulphidp (1IH.),S, must be used to effert solutEon 
if tin (Sn*) be present. SnS being prsctically insoluble in the normal am- 
monium sulphide (§71, Sc). 

S. Tin in the stannous condition. disKOlved in the fixed alkalis (stannites). 
readily precipitates metallic silver black from solutions of silver salts. An 
arsenite (hot) or an antimonite in solution of the tlxed alkalis produces the 
same result, but not if the silver salt be dissolved in a great excess of ammo- 
nium hydroxide (|70, 6i). Tliis reaction also detects stannous salts in the 
presence of stannic salts. 

jf. Tin in the Marsh apparatus is reduced to the metal, and then by solution 
of the residue in HCl , forms SnCl, , which may be detected by the reduction 
of HgCl, to HgCl or Hg° (E71, &}), and by the action tn fixed alkali solution 
upon the strong ammonincal solution of silver oxide (871, di). 

5. If the Zn in the Marsh apparatus is completely dissolved, the Sn must be 
looked for in the solution, which in this case must not be rejected. The tin 
remains as the metal as long as zinc is present (S13S, ID). 

G. The presence of the tin may be confirmed by its action as a powerful 
reducing agent (§71, 10). If it be present as Sniv, these teats must be made 
after reduction in the Marsh apparatus or in an open dish with zinc and HCl . 

993. Ooid.— i. Gold will usually be met with in combination with other metalx 
as alloys, and is separated from most other metnls hy its insolubility in all 
acids except nitrohydrochloric acid. 

8. If more than 25 per cent of gold he present in an alloy, as with silver, 
the other metal is not removed by nitric acid (§73, .'in). Either nitrohydro- 
chloric acid must be used or the allo.v fuse<l with about ten times its weight of 
silver or lead, and this alloy dissolved In nitric acid when the gold remains 
behind. 

S. If the presence of gold is suspected in the solution, it should be precipi- 
tated with VeSO, before proceeding with the usual method of analysis. 

i. If gold be present (in the usual method of analysis) it will remain as a 
metallic residue in the Marsh apparatus, insoluble m HCl and may he identi- 
fied by the reactions for Au° . 

5. The reactions of gold chloride with the chlorides of tin forming Cassius' 
purple (§73. ff/) is one of the most characteristic testa for gold. 

Jfl4. i^atinnm. — 1. Notes f to ^ under gold apply equally well for platinum, 
except that it is necessary to lioil with FeSO, to insure complete precipitation 
of the platinum. 

2. Oxalic acid Is the best reagent for the separation of gold from platinum 
(878. 66). 

S. The most imi>ortant problems in the analysis of platinum consist in its 
■eparation from the other metals of the platinum ores (§74, 3). 
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§96. XauipolAtion. — The well washed residue after digesting th« pre- 
cipitated sulphides of the second group (the Tin and. Copper Qronp) in 
(KEt),S. may contain any of the metala of the Copper Group_, and in 
addition frequently contains sulphur, formed by the action of the H,S 
upon oxidizing agents : 4l'eCl, + 2H,S =: 4FeClj + 4HC1 + Sj . Pierce 
the point of the filter vith a Einall stirring rod and, with as little water as 
possible, wash the precipitate into a test-tube, beaker, or small casserole. 
Sufficient reagent nitric acid ^§324) should be added to make about 
one part of the acid to two parts of water, and the mixture boiled vigor- 
ously for two or three minutes: • 

2B1,S, + leHNO,^ 4B1(N0.). + 4N0 + SH'.O + 38, 
6CdB + 16HN0, = 6Cd'(N0.), + 4Hp + 8H,0 + 38, . 
' Mercuric sulphide is unattacked (§58, Ge) and remains as a black pre- 
cipitate together with some sulphur as a yellow to brown-black precipitate. 
The precipitate is filtered and washed with a small amount of hot water,. 
The filtrate is set aside to be tested later, and the black residue on the 
filter is dissolved in nitro-hydrochloric acid: 2HgS + SClj — SHyCl, -f 3, . 
This solution is boiled to expel all chlorine and the presence of mercury 
determined -by reduction to HgCl or ^° by means of SnClj (§58, 6j;): 
HgCl, + SnClj = 'Bg + SnCl« , 2HgCl, + SnCl^ = 2HgCl -f SnCl« ; or 
by the deposition of .a mercury film on a strip of bright copper wire 
(§50, 10): HgClj -f- Cu = Hg -f CnClj . Confirm further by bringing in 
contact with iodine in- a covered dish: "Eg + Ij — Hgia (Jannaesch, Z. 
anorg., 1896, 12, 143). The mercury may also be detected by using 
NHfOH and KI as the reverse of the Nessler'a test (§207, 6k) (delicate 
1 to 31,000) (Klein, Arch. Pkarm., 1889, 227, 73). 

597. Xoles.—l. The concentration of HUO. (1-8) ia npceBSary for the solution, 
of the sulphides of Pb , Bl , Cu and Cd , and may hIbo (ilsHOlve traces of HgS . 
However, the concentrated HNO, (»p. gr., 1.42) diasolvea scarcely more thao 
traces of HgS {S58,. 6c). LlJIl^^con1.inue^l bojlinp of HgS with concentrated 
HNO, changes a portion »f the HgS to H8r(N0.)..HBS . a white precipitate, 
insoluble in HJHO, . 

2. In the use of nitrohydrochlorlc acid to dissoWe the HgS , the HCl shonld 
be uBcd in excess to insure the decompoailion of the nitric acid, which wo uld 
interfere with the reduction tests with SnCl, and Cu° . One part at iltiO, 
to three parts HCl gives about sufficient HCl (o decompose all the HnO. , 
hence in this reaction a little more than that proportion of HCl should be 

3 A small amount of black residue left after boiling the aulphtdes with 
HNO. may conaiat entirely of sulphur, which can best be determined by 
burning the residue on n platinum foil and noting the appearance of the 
flame, the odor, and the disnppenrnnce of the residue. The residue of sulphtir 
frequently posseKsea the property of elasticity (§256, 1). 

i. Boiling the aulphides of the copper group with HNO, wilt*lwayB oxidize 

• lit preferred the preclpiWto on the filter may be washed with the boiling hot nitric acid trf 
the above menUonod Btrenglh, pourloa the same acid back upon the preotpltatcreheaUnito**" 
time, until no further action takes place. 
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* trace at leMt of sulphur to B,BO, (S3S6, 6B, £), whicb will form F1>80. If Any 
lead be present: 

S, + 4HN0. = 2H,S0. + 4H0 
3FbS + 8HK0, = 3PbSO. + 4H,0 + 8N0 



1 behind 
with the BgS . 

5. If the Sb and Sn are not removed, through an ineuffldency of (NB,),Si 
they will appear as u white precipitate tnixed with the black precipitate of 
SgS , due to the fact that HNO, decompoBcs the sulphides of Sb and Sn , 
forming the insoluble Sb,0, and SnO,: 

6Sb.S. + 20H|IO, = 6Sb^O, + 88, + 20NO + lOH.O 

6. Traces of mercury may be detected -by using a tin-gold' voltaic couple. 
The Hg depofits on the An, and can be eubtimed.and identlfled with iodine 
Tapor. Arsenic givea similar results (Letort. C. r., 1880. 90. 141). 

7. Mercurj- may quickly be detected from all of its compounds by ignition 
In a hard glass tube with fusion mi)rture (Nft,CO. + K,CO.) (§68. 7). and then 
adding a few dropa of HNO, (concentrated) and a small eryBtal of KI . Upon 
warming the iodine sublimes and combines with the Kublimate of Hg, forming 
tbe Bcarlet red Hgl, . As and Bb both give colored compounds with iodine, de- 
composed fay SJSO, (Johnstone, C. N., 1B89, BO, 321). 

§98. KanipTilfttion. — To the filtrate containing the nitric acid eolution 
of the sulphideB of Pb , Bi , Cu , aDd Cd , ahbuld be added about two cc. of 
concentrated H^SO, and the mixture evaporated on a sand bath or over 
the naked flame in a casserole or evaporating dish until the fumes of 
HiSOf.are given off: 

Ph(NO.), + H,80. = PbSO. + 2HN0. 
Ou(NO.), 4- H.SO. = CnBO, + 3HN0, 
About 80 ce. of 50 per cent alcohol should be added to the well, cooled 
mixture and the whole transferred to a small glassbeaker. Upon giving 
the beaker a rotatorj' motion the heavy precipitate of FbSO, will> collect 
in the center of the beaker, and its presence even in very rmall amounts 
may be observed. The filtrate from tlie PbSO, should be decanted through 
a wet filter, and the PbSO, in the beaker may be further identified by its 
transference into the yellow chromate with KjCrO^ or into the yellow iodide 
with KI {57, 6/ and A). 

S99. Notet. — 1. In analysis, if lead was absent in the silver group, it Is 
■dvantageous to test oniy a portion of the nitric acid solution with H,EiO, for 
lead, and if that metal be not present, the above step may be omitted with 
tbe remainder of the solution and the student may proceed ak once to look 
for Bi , Ou and Cd . If, however, lead is present, the whole of the solution 
must be treated with H.SO. . ■ ■ 

2. The nitric acid should be removed bv tbe evaporation, as PbSO, is quite' 
apprecUbly soluble in HNO. (|S7, 5c). 

S. The H,SO. should be present in some excess, as PbSO. is less aeluble in 
dilute H,80, than in pure water (§57, 5c). 

i. Alcohol should be present, as it preatly decreases the solubility of FbSO, 
Id water or in dilute H,BO, (jBT, 5c, 6e). 

S. Too much alcohol must not he added, as sulphates of the other metals 
present arc also less soluble in alcohol than in water (§77, 5c). These. sul- 
phates, if precipitated by the alcohol, are readily dissolved on dilution with 
water. 
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6. If the (lTH,),Si had not been well removed by washing, ammonium sul- 

Shate would be present at thla point, greatl)- lucreasinE the solubility of 
bSO. (557, 5c). 

§100. ManipnUtioii. — The filtrate from the PbSO, should be boiled to 
expel the alcohol (or if Pb be absent evaporate the nitric acid solution of 
division B) and then carefully neutralized with NH^OH . An excess of 
ITH4OH should be added to dissolve the precipitates of Ca(OH), and 
Cd(OH),, leaving the Bi{OH), as a white precipitate. The solution should 
be filtered, the precipitate thoroughly washed, and then treated upon the 
filter with a hot solution of potassium stannite, K^SnO, . A black pre- 
cipitate is evidence of the presence of Bi (§76, &g). 

ilOl. Nates,— 1. It the precipitate of the sulphides of the second group was 
not well washed, the hydroxides of the metals of the iron group (Al, <& and 
Fe) may be present at this point. The precipitate of Al(OH), would be white, 
but fuould not give a black precipitate with K,8iiO, . 

2. If an inaufllcient quantity of (NE,),S]i was used. Sb and Sn would be 
present and ffive a white precipitate with the 17H,0H . 

S. If the lead had not been removed it would appear as a white precipitate 
with the NH,OH , and would give a brownish-black precipitate with the hot 
K.SdO, (867, 6/j). The presence of a permanent white precipitate with NH.OS ' 
must never be taken as final evidence of the presence of Bl . 

i. As a confirmatory test for the presence of Bl , a portion of the white 
precipitate with NH.OH should be dissolved in HCl and the solution evapo- 
rated nearly to dryness to remove the excess of HCl. Now upon adding 
water, a white precipitate of BlOCl , bismuth oxychloride, will be obtained if 
Bi is present (976. 5d). 

§102. Kanipnlation. — If the ammoniacal filtrate from the Bi(OH)s is of 
a blue color, that is sufficient evidence of the presence of Cn unless nickel 
was precipitated in the second group. Tii absence of a blue color a portion 
of the solution should be acidulated with acetic acid and then to this solu- 
tion a few drops of potassium ferrocvanide, E,Fe(CN)g, should be added. 
A brick-rod precipitate is evidence of copper. Or to the acidulated solu- 
tion a bright nail or piece of iron wire may be added, obtaining a film of 
metallic copper. If sufficient copper be present to give a blue color to 
the solution, .before tcpting for cadmium a solution of ECK should be 
added until the blue color disappears. Then the addition of HjS will 
give a yellow precipitate for cadmium. 

§103. Nnlex.^l. The precipitate of the brick-red CU:re(C»'), is a much more 
delicate test for copper than the blue color to the ammoniacal solution (i7T, 
86). Cd gives a white precipitate, insoluble in the ocid. 

2, The student should not forget that in the regular course of analysis a 
trace of copper may be lost by the solubility of the sulphide in (NH,);Si . If 
mercury has been shown to lie absent, the sulphides of the tin group (second 
group, division A) should be dissolved bv the addition of a fixed alkali sulphide 
(B71, 6e), K,S or Na.S . which does not dissolve CoS . In case mercury be 
present, the presence or absence of small amounts of copper must be deter- 
mined by the usual reactions for copper upon the original solution, having 
due regard for the possible interference of metals which the analysis haa 
shown to be present. 

S. Potaaaium cyanide, KCN , in excess changes cupric salts to the soluble 

■ "" " " O" 



gllM, 5. BVTHESWM. 18H 

double salt of cuprous cyanide and potassium cyanide, X,Cn(ClT), , which Is 
ColorleBB and not precipitated by sulphides. With cadmium salts the soluble 
double cyanide, K,Cd(CN), , is formed, which is decomposed by sulphides 
fcrmin^ Cd8 , yellow. 

f. If preferred, the eulphides of Ou and Cd may be precipitated from the 
ammoniacai solution by B,S and then the black CuS dissolved with KCN , 
leaving a yellow precipitate of CdS . 

5. Copper and cadmium may be separated from each other by reduction of 
the copper (from the ammoniacai solution acidulated with HCl) with SiiCI, 
(577, 10): aCuCl, + SnCI. — 3CuCl + BnCl, , and its precipitation with milk 
of sulphur (S77, 6e), forming Cu,S . removal of the tin with NH.OH and the 
in«cip^at!On of the cadmium with H,S . 

6. From the solutions of copper and cadmium acidulated *ith HCl , a hot 
solution of Ifa,8,0, precipitates the copper as Cu,8 (S77,6f). while the cadmium 
remains in solution. From this solution the cadmium Ik detected ns the sul- 
phide by neutralization with NH.OH and precipitation with H.S or (NH,),S. 

7. The ammoniacai solution of On and Cd may be precipitated with HaS . 
and the resulting' sulphides, after filtering and washing, boiled with hot dilute 
H,80. (one of acid to five of water). In this solution the CnS (877. 5c) Is 
nuattacked while the CdS is dissolved. The filtrate upon dilution with water 
gives the yellow CdS with H.S or (NHJ.S (S78, ee). 



RiBBB MbTALS of the Tl^f AND COPPBB GHOUP. 

(Second Group.) 

Batbeninm, RliodiiLni, FaUadinm, Iridinm, Oinunm, Tnngsten, Tanadiun, 
Qermaniiim, Tellnriam, Selenium. 

§104. Butbeninm. Ba= 101.7. Valence two to eight. 

1. Tt ovwU wt.— Specific ffratlty, 11.0 to 11.4 (Deville and Debray, C. r„ 1876, 83, 
926). Next to osmium it is the most difficullly fusible of all the platinum 
metals. A black powder or a grayish-white crystalline brittle metal. 

2. Oocurretice. — In small quantities in platinum ores. 

3. Preparatloii. — Ignite the Pt residues in n st. .am of chlorine in presence of 
HaCl . DisBolve the fused mass in HiO , add KNO, , neutralize with NdgCO, , 
evaporate to dryness and extract the double nitrites with absolute alcohol 
(separation from rhodium). Add water to the solution, distill of the alcohol, 
add HCl and obtain a red solution of potassium ruthenium chloride. This is 
changed to the double ammonium salt and then precipitated with HgCl, , 
which upon recrjstallization. and ignition gives pure Ku (Gibbs, Am. S., 18112. 
(2), 34. 349 and 355). 

4. OxldM and Hydroxidea.— The hydroxides, Sn<OH), , au(OH), , and 
&o(OH)i , are precipitated from the respective chlorides by KOE - They are 
dark brown to black. Perruthenic anhydride or acid. BuO. , is a golden 
yellow crystalline powder, volatile even at ordinary temperatures. It has a 
peculiar odor, somen'hat like ozone,. is sparingly soluble in water, melts at jO" 
and bolls at a little over 100° (Deville and Debray, B.. 1R75. 8, 339). It is pre- 
pared by heating S,BiiCl, with EOH into which a current of chlorine is 
passed or by distillation of a Bu salt with EGIO, and HCl. The vapor is 
yellow and is strongly irritating to the membrane of the throat. 

a. SolubllltlflB. — Bn is sol uble with difliculty in nitrohydrochloric acid, in- 
■oluble by fusion with XHSO, , but la soluble by fusion with EOH , especially 
In presence of KB'O, . Soluble in chlorine, forming a mixture of BuCl, , 
BnOl, , and BnCl, . The double nitrites are soluble in water and alcohol (sepa- 
ration from rhodium). 
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6. Ba&otloiia. — The alkalis precipitate from ruthenic cUoride the dark yellow 
hydroxide, soluble in acids, Insoluble In the tixed alkalis, soluble in lfS,OH 
Tvith a ^reeniBh-bro'wii color, H,8 precipitatee slowly the black aulphide 
(formed at once by (irS,),S), the solution becoming blue. The sulphide is 
Inaolnble in alkali Bulphidee. KI ^ves with hot sohitions a black precipitate 
of ruthenic iodide. ECNB forms, after some time in the pold, a red coloration, 
which upon heating assumes a beautiful violet color (characleristic). The 
double nitrites are soluble, and if to the solution (1IH,)-S be added, a char- 
actetristic crimson red liquid is obtained. Upon standing the solution becomea 
brown, or a brown precipitate la caused by excesa of the {2l±l«),S . 

7. Ifrnltion.— If KnO. be heated to n dull-red heat the violet-blue dioside is 
formed (Debray and Joly, C. r., laSH, 106, 328). 

S. Betectlon. — By oxidation and distillation as KuO, . 

e. Estimation.— Reduced to the metal and weighed as such. 

10. Oxidation.— BuO, heated with HCI forms BuCl. , evolving chlorine. 
;Bii8 — X is changed to RuO, by diatilling with EClO, and HCI. Zu reducaa 
Bn Holutiona to the metai, with an indigo-blue color during transition from 
Baiv to Ball . 



§105. Bhodiom. Bh = 103.0 . Valence tvro, three and four. 

1. PropertlM.~N/Jpc(/lc grar.ity, 12.1 (Deville and Debray, C. K. 1874, 78, 17B2), 
Melts more difficultly than Pt. It is a white metal, nearly as ductile and 
malleable as Ag . The metal precipitated by alcohol or formic acid i^pesrs as 
a black spongy mass (Wilm, B., 1881, 14, eS9). 

2. OcciUTBzicB. — Found in platinum Ores. 

3. Prsparatlon.— Fusion of the Pt residues with Pb , digestion with HHO, 
and then CI , convepting the Bh into the chloride, from which solution it is 
precipitated as the double ammonium chloride by fractional precipitation. 
See Gibbg (J. pr.. 1865, ©4. 10) and Wilm (B., 1883, 16, 3033). 

4. Oxides and H7draxid«8.^Bh(0H), is precipitnled from a solution of 
sodium rhodium chloride by an exccKs of KOH . It Ib a black gelatinous pre- 
cipitate, forming the oxide upon ignition. Ithodium fused with KOE and ENO, 
gives BhO, , a brown powder, insoluble in acids or alkalis. 

5. Solubilities.— The pure meliil or llie alloy with An or Ag is almost in- 
soluble in acids: alloyed with Bi , Pb . Cu or Pt , it ik soluble in HNO, (Deville 
and I>ebray, I.e.). Attacked b.v cliiorine the most easily of all the Pt metals. 
The precipitiitcd metal, a gray powder, is soluble in HCl in pretence o( air to 
a cherrj'-red color. 

6. B«action8. — Alkali hydroxides anil carbonatMi precipitate solutions of Bh 
salts an Bh(OH), . yellow, insoluble in neidK. soluble in excels of HH.OH , 
forminfT a rhodium ammonium base, precipitated by HCI as a bright yellow 
crystalline «n)l, chloro-p;irpureo-rh odium chloride. B)i(lirH,}iCl, . Alkali 
nitrites precipitate alcoholic sohitions of rhodium chloride as alkali -rhodium 
nitrite ((libbs. Am. «., 1862, (S). 34, 341) (separation from ruthenium). From 
a hot solution of Bh salt. H,S precipitates the sulphide, insoluble in the alkali 
sulphides; the sulphide precipitated from the cold solution is Foluble in alkali 
sulphidfs. KI precipitates from hot solutions a black-brown rhodium iodide, 

7. IgnItlon,^\Yhen the nietnl or its comiiounds are repeatedly fused with 
HPO, or KBSO, . the corresponding Bh sails are formed. The mass fused 
with KHSO, Is soluble in water to a yellow color, turning red with HCI . 

8. Detection. — By ignition as given above. Also to the concentrated neutral 
solution add fresh NaCIO solution. To the yellow precipitate add a small 
amount of HC,H,0, and shake till an orange-yellow solution is obtained. 
After n short time the solution becomes colorless, then a gray precipitate 
separntes out and the solution assumes a skv-blue color (Demarcay, C. r., 1885. 
101. !).-.!). 

0. Estimation.— It is reduced to the metai and weighed as euch- 

10. Oxidation.— Solutions of rhodium salts are reduced to the metal by Zu . 

All Bh compounds are reduced to the metal by heating in a current of 

iiydrogen. 
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§106. PalladiimL Pd = lOr.O . Valence two and four. 

- 1. Prop«rtl«».— Speei/Ic ffravitji, 11.4 (Deville and Debray, C. r., 1857, 44, IIOIX. 
Mtltiim point, about 1500° (VioUe, V. r., ISTH, 87, 9S1). It conducte electricltj 
about one-eighth as well be silver (Matthiesaeii, Fogg., 1S5S, 103, 438). FaJlaV 
dium has about the color and lustre of silver. The metal when only alightlj 
heated aBsumes a rainbow tint froni g^reen to violet. Because of its geuen^ 
properties, it is to be classed with the platinum metals, yet in its reaction 
with Btdda it is markedly different. In the air at ordinary temperature it Is 
liut slightly tarnished, but at a red heat it becomes covered with a, coating of 
the oxide. The finely divided metal, palladium iponge, absorbs many times ita 
lolume of hydrogen, retaining the most of the hydrogen even at 100° . At a 
high heat the hydrogen is all driven off. It is much used in gas analysis for 
the separation of hydrogen from other gaaes (Hempel, fl., 187B, 12, 636, 1006). 
Also used for scale graduations of the best scientiflc inatrumenta. 

g. Occurranc«. — It ia a never-failing element in the platinum ores, native or 
alloyed with Pt , Aa or Ag . 

3. Praparation. — The obtaining of pure palladium involves its separation from 
the other platinum metals, 1. e., platinum, iridium, osmium, rhodium and 
ruthenium. The student is referred to the various works on metallurgy; also 
to the following: Bunaen, A., 1S68, 146, 265; Wilm, B., 18B9, 18, 2936; aad Hyltus 
and Forster, B., 1892, 2D, 6es. 

4. Oxides and BTdroxl das.— Palladium monoxide, PdO , Is the most stable of 
the oxides of Pd . It is formed by the gentle ignition of Fd(HO,), or the 
precipitation of PdCl, with Hft,CO, , forming Pd(OH), , and then igniting. 
Palledic oxide, PdO, , when gently ignited loses half its oxygen, becoming FdO . 

5. BoIublIitl«8.—ffl.—Jf eta I.— It ia slowly dissolved by boiling with HOI or 
H^,: HNO, diaaoives It, even in the cold, forming Pd(HO,), . It ts more 
readily soluble in nttrohydrochloric acid, forming PdCl, . It is not at all 
attached by H,8 . An alcoholic solution of Iodine blackens it, and when fused 
with KHSO, it becomes the sulphate (distinction from platinum), b. — Oxidet.- - 
PdO, is aoluble in HCI with evolution of CI, forming FdCI, . Pd(OH), ia 
readily soluble in acids forming palladoue salts. e.—Salt». — I'alladic chloride, 
PdCl, , the most stable of the palladic salts is decomposed by boiling with 
water or by much dilution with cold water, forming PdCl, . It forms double 
chlorides with other mi-tnla. as calcium pallndic chloride. CaPdCl, , which for 
the most part are stable, and soluble in water and alcohol. Potassium palladic 
chloride, K,FdCl, , is but Bpiiringly soluble in water, insoluble in alcohol: par- 
tially deconipoaed by both solvents. 

Palladous <:hloride is readily soluble in water with a browniah-red color; with 
metallic chlorides, it forms double chlorides, as poinssium -palladous chloride, 
K,Pd01. , all of which are soluble in water.— I'alladous iodldt ia insoluble in 
water, alcohol or ether; insoluble in dilute hydrochloric acid or hydriodic acid; 
sligbtly soluble by iodides and by chlorides. — I'alladous nilrale, Pd(N'0,): . is 
soluble in water with free nitric acid; the solution being decomposeil by dilu- 
tion, evaporation, or by standing, with precipitation of variable basic nitrates. — 
Talladoua sulphate, FdBO, , dissolves in water, but decomposes in solution on 
standing. 

C, Boactions. — Falladoos chloride is precipitated by potassium hydroxide or 
sadinm hydroxide; as brown basic salt or as brown palladous hi/droxitle, 
Pd(OH);, soluble in excess of the hot reagents. Ammonlom hydroxide gives 
a aesh-red precipitate of palladio-diammotilKm chlorUU', (NH.),FdCl, . The flesh- 
red precipitate is soluble in excess of the ammoiiiii, and from this solution 
repreci pita ted by hydrochloric acid, with a yellow color. The fixed alkali 
carbonates precipitate the hydroxide; ammonium carbonate acts like the 
hydroxide, — Potassium cyanide precipitates paUadoun cgamdc.. Pd(CN), , white, 
soluble in excess of the reagent. Phosphates give a brown precipitate. — 
Hydrosulpharlc acid and sulphides precipitate the dark-brown palladwu 
mpM; PdS, lasolnble in the ammonium sulphides, soluble in nitrohydro- 
chloric acid. Potassium Iodide precipitates ]>alladoK» iotlfde. Fdl, , black, visible 
in SOO.OOO parts of the solution, with the slight solubilities atated in 5e, an 
important separation of iodine from bromine. In very dilute solutions, only a 

" " O" " 
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color is prodticed, or the precipitate separates after wanning. At a ted heat, 
the precipitate is decomposed. 

Palladons nitrate gives most of the above reactions; no precipitate with 
smmonia, and a less complete precipitate with iodides. 

T. Ignition. — Nearly all the palladium compounds are reduced by heat, before 
the blow'pipe, to a " sponge." If this be held In the inner flame of an alcohol 
lamp, it abaorbs carbon at a heat below redness; If then removed from the 
flame, it glows vividly in the air, till the carbon is all burnt away (distinction 
from plutinum). 

8. »Btoction. — Palladium fs preoipitated with the second group metals by H,8, 
not dissolved by (NH,),Sx (separation from the tin group). It is distinguished 
from mercury by its precipitation as a cyanide with mercuric cyanide. It is 
precipitated from quite dilute solutions by XJ (distinction from Bl and Cd); 
an excess of the KI dissolves the black palladous iodide, Fdl, , to a dark brown 
solution. ECNS does not precipitate palladium salts, not even after the addi- 
tion of SO, (separation from Cn). The addition of H,SO. and alcohol separates 
lead from palladium. The presence of the metal should be further confirmed 
by reduction and study of the properties of the " sponge " obtained. 

9. Eatlmatiou.— (f) As metallic palladium, to which state it is reduced by 
mercuric cyanide or potassium formate, and ignition, first in the air and 
then in hydrogen gas. (2) As E,FdCl, . Evaporate the solution of palladic 
chloride with potassium chloride and nitric acid to dryness, and treat the mass 
when cold with alcohol, in which the double salt ia insoluble. Collect on a 
weighed filter, dry at 100°, and weigh. 

10. OxldatioiL— Palladium is reduced as a dark-colored precipitate, from all 
compounds in solution, by sulphurous acid, atannous chloride, phosphorus, and 
all the metals which precipitate silver ({59, 10). Ferrous sulphate reduces 
palladium from its nitrate, not from its chloride. Alcohol, at boiling heat, 
reduces it; oxalic acid does not (distinction from gold S73, Sb). 



§107. Iridinm. Ir — 193.1 . TJsual valence three and four. 

1. Propertlea.— Sperfrfc gravity, 38.431 (Deville and IJebray, C. r., 18T5, 81. 839). 
Melting point, 19S0° (Violle, C. r„ 1879, SB, 702). When reduced by hydrogen it 
Is a gray powder, which by pressing and igniting at a white heat changes to a 
metallic niaas capable of takir.g a polish. It is used mostly as an alloy with 
platinum, forming a very hard, durable material for Rtandard weights and 
measures. A platinum-iridium dish containing' 35 to 30 per cent iridium is not 
attacked by nitrohydrochloric acid. 

2. Occurrence. — Found in platinum ores, usually ns an alloy with platinum 



3. Preparctloik. — The platinum residues are mixed with Pb and PhO and 
heated at a red heat for one-half hour, then treated with acids. The residue 
contains the iridium as osmium-iridium or- platinum-iridium with other plat- 
inum metals. This residue is mixed with NaCI in a glass tube and heated to 
a red heat in a current of chlorine. Atuch of the osmium passes over aa the 
volatile perosmic ncid, and is condensed. The double sodium chlorides of Ir . 
Os , Rh , Pt , Pd and Eu are dissolved in water filtered and, when boiling hot. 
decomposed by H,S . The iridium is re<luced from the tetrad to the triad, but 
is not precipitated until after all the other metals. By stopping the current of 
H,S just as the brown iridium sulphide begins to form, a complete separation 
can be made by filtration. By rpcrvstallizntion the pnre sodium double salt. 
6NaC1.2IrC1, -|- 34H!0, is obtained, which is chnnged to the tetrad omTnociuin 
double salt, (NH,),IrCl. , by the addition of NH.Cl and oxidation with chlorine 
(Wiihlcr, Pngp., 18:i4, 31. 161). This upon ignition gives the pure metal as 
iridium sponge. Or, the double sodium salt is ignited with sodium carbonate 
exhausted with water and reduced bv ignition in a current of hvdrogen, leav- 
ing the metal as a fine gray powder '(See also §106, 3). 

4. Oxldea and Hydroxides.—! ridium forms two series of oxides and hydrox- 
ides, the metal acting as a triad and tetrad respectively. IrO, is formed by 
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igmiting the metal in the air at a brieht red heat, henoe the scaling of platinum 
diahra icMeb wntain iridium. The hydroxiilc, It(OH}, , ie formed bj boiling a 
sulutioa of the trichloride, IrCl, , In a flxed ulkali liydroxiile or curimnatt;. 
Careful addition of KOH to IrCl, in n vessel full of liquid and cloied to exclude 
air gives Ir(OH), , easily oxidixed to Ir(OH), (Claus, J. pr., 1846, 38, lU^- 

5. Solnhllities. — Freehly precipitutoit iridium may be d'-iaolved in oitrohydro- 
chloric acid. The ignited metal Ir insoluble in all acids. Its proper solvent Is 
chlorine. Iridium trichloride, IiOl, . is soluble in water and forms with the 
alkali chlorides double chlorides, soluble in water, insoluble in alcohol. Th« 
tetrachloride with sodium chloride, NK,Ir01, , is formed ivhen the platinum 
reeidues mixed with NaCl ore heated in a current of chlorine. It is soluble In. 
water. The corresponding ammonium salt may be 'ormed from the sodium 
salt by precipitation from the concentrated solution with NH.CI , a reddish- 
brown preci|»tate, soluble in SO parts of water (Vauquelin, A. Ch., 1B06. 59, ISO 
and 2S5). Tlie potassium double Halt is Hiraring-ly soluble in water. 

6. Beactiona. — Tixed alkali hydroxide* or carI>oiuit«a precipitate from boil- 
ing solutions of iridium chloride, IrCl, or IrCl. , fridlwn hydroxidt, Ir(OH), , 
dark blue, insoluble in ull acids except HCl . Potassium nitrite added to a hot 
solution of iridium salts gives, flrat a yellow color and finally a yellow precipi- 
tate, insoluble in water or acids. HTdroges sulphide reduces IrCl, to IrCl, , 
and then precipitates the trlsulphide, IrjS, , brown, soluble in alkali sulphides. 

7. Ignition.— When jridium is fused with potassium acid sulphate it is oxid- 
ized, but does not go into solution (difference from rhodium. $105, ?). Ignition 
on charcoal reduces all iridium compounds to the metal. Fusion In the air 
with sodium hydroxide or with sodium nitrate causes oKidatton of the metal, 
the iridium oxide formed bein^ partially soluble in the fixed alkali. 

8. Detection,^ee 3 and 6. 

9. Xiatlmation. — It is converted into the oxide by igniting with EHO. and 
then reduced by Ignition in an BtniOHphere of hydrogen. 

10. Oxidation,— Formic acid (from hot solution), zinc and H.SO, or MCI 
reduce iridium compounds to the. metal. SnCl, , PeBO, and H,C,0, reduce- 
tetrad iridium to triad, but do not further reduce (separation from gold, S78. 
6b, h and b). 

I 5 , 
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Os = Wi.O . Valence two to eight. 



1. PropBTtiM.— jRpeui/lc gravity, 22An, the heaviest of all bodies (Deville and 
Debray, C. r., 1878, 82, 1076). In the absence of air it may be heated above the 
vaporization point of Pt without melting or oxidizing. Jn presence of air, 
when heated a little above the melting- point of Zn, it bums to the volatile 
poisonous perosmic acid, OeO, . In compact form it is very hard, cutting glass, 
and possesses a metallic lustre, with a bluish color rpHembling Zn. 

2. Occurrence. — Always present In the residues of the platinum ores, in com- 
bination with iridium. 

X Preparation. —The iridium osminni, alloy or other Os containing material 
is finely divided and distilled in a current of chlorine or with nitrohjdrochloric 
acid, the osmium passes into the receiver containing KOH. By repented 
additions of HNO. and further distillntioil, the osmium may all be driven into 
the receiver. The distillate is treated with HCl and Hg and the amalgam 
tgnited in a current of hydrogen (Berzelius. I'ogg., 1B29, 16, 208). 

4. Oxides.— Osmium forma five dilTerent oxides, OsO , OSiO, , OsO, , OaO, , 
OaO, . The first three are bases, the salts of which have been but little 
ftudied; ObO. forma salts with bases, and OsO, acts rather as an indilTerent 
|iero\ide. Perosmir acid, OsO. , exists as white glistening needles, melting 
under 100°, sparingly soluble in water, its solution having a very penetratingr 
iidor, resembling that of chlorine. The fumes of the acid are very poisonous, 
and cause inflammation of the eyes. HiS is recommended as an antidote 
(ClauBB, A., 1847, 63. 355). 

5. BolublUtleB.^The metal in compact condition is not at all nifnclted by n-v 
anid. The precipitated metal is slowly dissolved by nit ro hydrochloric or fum- 
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ing nitric acid. By beating the metal in a carrent of Chlorine a mixture of 
ObCI, and OsCl. is formed. They are both uuataljle. 

6. Beactione. — Feroamic acid, OsO^ , when boiled with alkalis, is reduced to 
oBmates, as K,ObO, . A solution of t>erosmic acid decolors indigo, oxidizeB 
alcohol to aldehyde, and liberateM iodine from putasslum Iodide. In the pres- 
ence of a strong mineral add, H,8 precipitates osmium sulphide, ^aS, , brown- 
ish black (ClauB, J. pr., 18G0, 79, 28); insoluble in alkali hydroxiilt.'^, carbonatea 
or sulphides. 

7. Ignition. — Osmium when heated on a piece of platinum foil ^ves an in- 
tensely luminous flame of short duration. By holding the foil in the reducing 
flame and then again In the oKidizing flame, the luminosity may be repeated. 
If a. mixture of the metal or of the sulphide and potassium chloride be healed 
in a current of chlorine, a double ^alt of potassium osmio chloride Is fonut'. 
sparingly soluble in cold water, more readily in hot water. Alcohol precipltat4.a 
Jt from its solutions as a red crystalline powder. , 

S. Setectlon.^ — By the intensely luminous flame when Ignited on a platinum 
foil:, by oxidation and distillation as peroamic acid and identification by odor, 
action on indigo and on potassium iodide. 

9. Xfltlmatlon.— It Is weighed as the metal (see 3). 

10. Oxidatlon.'-OBO, is reduced to O«0, by ferrous sulphate. Zn and many 
other metals in presence of strong acids precipitate the metal. The metal Is 
also obt^^ned from all osmium compounds by ignition in a current of hydrogen. 

§109. Tnngfrten (Wolframium). W = 184 . Valence two to six. 

1. PropertiM.— ap«c(/Ic ifrflcKv, 19.129 (Roscoe. A.. 1873. 162, 35B). A tin-white 
or steel-gray metal, brittle, harder than agate. That precipitated from acid 
«olulionB is a veWet-black powder. Non-tiiagnetlc. Stable in the air at ordi- 
nary tempe.-"*ure; burning at a high temperature, it decomposes steam at a 
Ted heat. 

3. OccurrenCt.. — Tungsten does not occur in nature in large amounts, nor is 
It widely disseminated. The most common tungsten minerals are scheelite, 
CaWO, , and wolframite, FeWO, and KnWO, , in variable proportions. It never 

.1. Preparation. — Dy reduction of WO, in H at a red heat (Zettnow. Fogg., 
ISfiO. Ill, 1i>): by ignition of WO, and Na. under NaCl . Tungstic rcid of 
■commerce is prepared by igniting for Bevcrnl hours: 100 parts KaiCO, , ifi-nited; 
150 partB finely ground wolframite; and 13 parts NaNO, . The cooled maps is 
exhausted with water and the filtrate poured into hot, moderately concentrated 
BCl (Franz, ./. pr., 1871, (2), 4. 2;m). 

4. Oxides.— WO, is obtained as a brown powder by decomponing WCl, with 
■water (lloseoe, I.e.). WO, is a lemon-yellow, soft powder, insoluble in 
or acids. It is formed bv ignition of the 
salts in the air. The bliie tungsten oxidf 
WO,. 

5. Solubilitiea.— ThP metal f s scarcely at all attacked by HCl or H,SO. , slowly 
by HNO, or nltrohydrochloric, slowly soluble in alkalis. The halogens com- 
bine directly upon heating. WO, is readily soluble on heating with HCl end 
H.SO, to a red color. It is also soluble in KOH with red color, evolving 
hvdrogen, Itoth the acid and alkaline solutions deposit the blue oxide on 
standing (von der I'tordten, A., IHK4, 228. 15S). WO, is insoluble in water or 
ncids. not even soluble in hot concentrated HiSO, . Soluble in SOH, K,CO, 
Jind NH.OH. In an atmosphere of CO, it reacts with the chlorides of Ca . 
Jig. Co. Nl and Fe (not with those of Pb, Ag, K and Na), e.g., MCI, + 
2W0, = HWO, + WO.Cl, . Heatf'd with chlorine, WO, CI, ia formed, and also 
WCl. , decomposed by water. S , H,8 or HgS form WS, on heating with WO, . 
Soluble alkali tungstates are formed by fusion of the add, WO, , with the 
alkali metal carbonates, more slowly by boiling with the carbonatea. Acids 
form, from solutions of the alkali tungstntes. a white precipitate of the 
bydratcd acid turning yellow on boiling, Insoluble in excess of the acids (dlB- 

■ "" " " O" 



gllO; «. VANADIUM. 13.> 

tlnction from KoO,), soluble in lTH,OH . Phosphoric acid changes tungstic 
acid to the metatungatic acid, which is soluble in water and not precipitated 
by other acids. Long boiling of the solution of metatungetic acid causes the 
precipitation of tungatic acid. Fusion nf WO, with EHSO, gives a compound 
ol potasBium tungstate and tungKtic acid, cot readily soluble in water bat very 
readily soluble in (NHJjCO, (distinction from silica, $249, 5). 

6. B«icti<nj«.— Solutions of salts of Ba , Ca. , Pb , Ag and Hy produce white 
precipitates with solutions of alkali tungstates. H,S precipitates WS, 
from acid solutions, the sulphide dissolving readily in (NH,),B , forming a 
thio»ungst'ate (NHj),WS. . The tun^tates, lilte the molybdatea. form complex 
compounds with phosphoric acid, i. e., phosphomolybdates and phosphotung- 
s'"tes, which react very similarly with ammonium salts and with organic bases 

,■75, lid). K,Pe(CN). gives with tungstates (in presence of acids) a deep 
brownish-red fluid, forming after some time a precipitate of the same color. 
Solution of tannic acid gives a brown color or precipitate. 

7. Ignition,— With NaFO, , WO, dissolves, on fusion, to a clear or yellowish 
bead in the oxidizing flame; in the reducing flame it has a blue color, chai, fing 
to red on addition of FeSO, . Heated on charcoal in presence of NSsCO, with 
the blow-pipe, using the reducing flame, the metal is obtained. 

8. Detection. — If a tungstate be fused with Ha,CO, , the mass warmed with 
-water and the water then absorbed with strips of filter paper, the tungsten 
may be detected by moistening the strip with HCl and warming, obti ning the 
yellow color of WO,; and the blue color of a lower oxide by moistening with 

. SnCl, and warming. (NH,)iB does not color the paper, even after adding HCl , 
but on warming a blue or green color is obtained. 

9. Bstlmation. — It is converted into WO, and weighed as such afte- i^itioi.. 

10. Oxidation.— WO, gives with SnCl, , or Zn In presence of HCl or H,SO, , 
a beautiful blue color, due to the formation of oxides betwceq WO, and WO, , 
AI«« axldea of tungsten (delicate and characteristic). , . , 



§110. Vanadium. V = 51-4 . Valence two to iive. 

1. Propertlee.— iSpwf^c gravity, S.5. A grayish non-magnetie powder; slowly 
oxidized in the air. rapidly on ignition with formation of V,Oi . It forms with 
chlorine the dark brown tetrachloride. 

2. Occurrence. — It is often found in iron and copper ores and in some clays 
and rare minerals, f.g.. vnnadinitc. ;(Pb,T,0, + PbCl,; volborthite, (Cu.Ca),V,0,; 
mottramite. (Cu.Pb),V,0,„.2H,0; etc. 

3. Preparation. — The vanndium ores are treated chiefly for the preparation of 
ammonium vanadate and vanadic acid. The ores are fused with HNO, , form- 
ing potassium vanadate. This is precipitated with Fb or Ba salts and then 
decomposed with H..SO. . The vanadic acid is neutralized with NH.OB and 
preeipitatefl with NH,C1 . in which it is insoluble. This upon ignition gives 
V,Oi pure (Wohler, A., IH.il. 78. 125). The metal is prepared from the dichlo- 
lide, VCl, , by long-continued ignition in a current of hydrogen. 

4. Oxides. — Vanadium forms four oxides: VO , gray; VjO, , black; VO, , dark 
blue; and V.Oj , dark red to orange red. 

5. Solubilities.— Vanadium Is not attacked by dilute HCl or H,SO,; concen- 
trated H.SO, gives a greenish-yellow solution: HMO, a blue solution. VO dis- 
solves in acids to a blue solution with evolution of hydrogen. V,0, dissolves 
in dilute HCl to a dark greenish -black solution. Chlorine forms with VgO, , 
"VOCl, and V,0, . Vd dissolves in acids to a blue solution, from which solu- 
tions Na,CO, gives a precipitate of V,0,(OH), -|- 5H,0 . gravish-white mass, 
losing 4H,0 at 100° and turning black, soluble in acids and alkalis. V,0, 
ejtists in sr'vtral mod iflc.it ions with different solubilities in water, the red 
modification being soluble in 125 parts of water at 20° (Ditte. C. r„ ISSO, 101. 
608). Vanadic acid forma three series of salts, ortho. meta and pyro, analogous 
t-O the phosphates. Most salts ore the metavanadates. The ortho compounds 
»re quite unstable, readily changed to the meta and pyro compounds. Alkali 
T-anadat es ar e soluble in water, the ammonium vanadate least soluble and not 
a.t> ail in HHtCl . d , 



136 QBRUAmVU. §110, 6. 

6. Ssactlona. — Solutione of vanadic acid produce brown precipitates witb 
alkaliB, soluble in excess to a yellowish -brown color. Potoesium ferrocyaiiide 
gives a green precipitate, insoluble in acids. Tannic acid g^ves a blue-blaclc 
solution, whicb is said to make a, desirable ink. Ammoniuni sulphide precipi- 
tates V,S| , brown, soluble with some difficulty in excess of the reagent to a 
reddish-brown thio salt. From this solution acids reprecipitate the broirr) 
Tanadic sulphide, V,8, . 

If to a solution of a vanadate, neutral o r al kaline, solid HH,C1 be added, the 
vanadium is completely precipitated as NS.VO, , ammonium metavanadate, 
crystalline, colorless, insoluble in NH.Cl solution; upon ignition in air or oxy- 
gen, pure vanadic oxide, V,Oi , is obtained. 

T. Igikltioti. — Borax gives with vanadium compounds in the outer flame a 
colorless bead, yellow if much vanadium be present; in the Inner flame a green 
bead, or brown when vanadium is present in large quantities and hot, becoming' 
green upon cooling, AH the lower oxides of vanadium ignited In air or 
oxygen give V,0, . 

8. DBtection. — Vanadium will almost always be found ss a vanadate (2) and 
is detected by the reactions used in Its puriflcation (3); also by the reactioaa 
with reducing agents, forming the colored lower oxidized compounds (10). 

9. EBtlmatlon, — (i) It is precipitated as basic lead vanadate and dried at 
100°. (2) It is precipitated as ammonium vanadate, ITH.VO, , in strong 
IfHiCl solution, ignited to the oxide V,0, , and weighed. 

10. Oxidation. — Zn, in solutions of vanadates with dilute H,SO, , reduces the 
vanadium to the tetrad, a green to blue solution, then green ish-ljlue to green, 
the triad, and finally to lavender blue, the dyad. H,S reduces vanadates to the 
tetrad with separation of sulphur. Oxalic acid and sulphurous acid also reduce 
vanadates to the tetrad, the solution becoming blue. 



§111. Oermanitim. Ge ^= 73.5 . Valence two and four. 

1. PropertiBB.— Sp«H;Ic gravity, 5.469 at 20.4"; melting point, 900' (TVlnkler, 
J. pr., 1886, (2), 34, 177). A gray-white crystalline metal. Fused under l»rajc 
it gives a grayish-white regulus witb a metallic lustre. It is stable in the air, 
volatilized at a high beat (Meyer, B., 1887, 20. 497), and is easily pulverized. 
It bums in oxygen to form germanic oxide, Q«0, , 

2. Occurrence. — It is found in smi^ll quantity in argyrodite. a sulphide of 
silver and germanium, 3Ag,S + QeB, , a silver ore from Freiburg, Saxony. 
It is also found In euxenite from Sweden (Kriiss, C, C, 1888, 75). 

3. Fraparatlon. — It is formed by reduction of the oxide, 0«0, , with H , C 
or Ug (Winkler, B., 1891, 24, 891); also by reduction of the sulphide in H . 

4. Oxides. — It forms two oxides, OeO and GeO, . To prepare pure deO, , the 
mineral argyrodite is pulverized and intimately mixed with equal weights of 
Na,CO, and 8 and heated to a good full Ignition. The mass must be added 
carefully to prevent foaming. The fused mass is exhausted with H,0 . the 
germanium going into solution as a thiosalt. With a decided excess of H,SO, , 
the sulphide is completely precipitated. The precipitate is now dissolved in 
KOH, the sulphides of Ag, Cu and Pb remaining undissolved. By adding to 
the KOH solution H,SO, not quite to neutralization, the As and Sb sulphides 
are precipitated on boiling, while the QeS remains in solution with some 
As,S,T H,S is carefully added to the solution until the Ab,S, is all precipitated, 
then the filtrate is made strongly acid with H,BO. , and the solution evaporated 
till SO, fumes escape. The mass is dissolved in hot water, and upon cooling 
QeO, ciTBtallizes out {Winkler, (. c). 

5. Solubilities.— Oermani urn is insoluble in HCI , soluble in nftrohydrochloric 
acid as GeCl. , and oxidized with HNO, to GeO, . Hot concentrated H,80, 
evolves SO, ond forms Ge(SO,). . Insoluble in KOH solution but dissolves 
with Incandescence in fused KOH. It unites directly with CI, Br and I 
(Winkler, I.e.). Germanic oxide, QoO, , is a white powder, very sparingly 
soluble In water or acids. Fused with fixed alkali hjdroxides or carbonates it 
Is converted into compounds soluble in water. QeCl. is a liquid, boiling at 84°; 
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it ia decompoeed by water. II a solution of the oxide in excess of HCl be 
evaporated to dr3'neBB the G« is all volatilized. QeS, is soluble in 222 part* 
water, in allcali sulphides and hydroxides; insoluble in HCl or H,SO, , which 
precipitate it from its solutions; soluble in nitrohycirochloric acid with separa- 
tiOD of sulphur. Nitric oxide changes it to OeO, with separation of sulphur. 

fl. ResctloUB. — Germanium salts give almost no characteristic reactions with 
the various reagents. H,S precipitates germanic sulphide, deS, , white, from 
aolutions of the salts quite strongly acid. The sulphide is KOluble in ammonium 
sulphide, forming a thio salt, thus placing Oe in division A of the second group. 

1. Igrnltloii. — Heated before the blow-pipe in the reducing flame without an 
alkaline fiux the metal is formed, and st the same time a white coating of 
the oxide. It forms a colorless bead with borax. 

8. J}etectloii. — In the mineral, argyrodite, by heating in an atmosphere of 
E,8 or illuminating griA, an orange-yellow sublimate is obtained, which may ba 
examined under the microscope and in the wet way (Baushofer, C. C, 1888, 
867). 

g. Estimation.— It is converted into the sulphide, 0*8, , and then heated 
with HNO, and weighed as 0*0, . 

10. OxidAtioa. — Zn in acid solutione of Oe salts precipitates the metal as a 
dark brown slime. If GtoSi is heated in a current of H , QeS is at first formed 
with H,8, finallj' Oe'. 

' §112. TeUtuinm. Te= 127.5? Valence two, four and possibly six. 

1. Propertias.— Speclffc gravity, 6.2445 (Berzelius, Pogg., 1B34, 32, 1 and 577), 
Mtitini} point, 452° (Carnelley and Williams, J. C. 1880, 37, 125). Te is crystal- 
line, silver white, brittle, stable in the air and in boiling water: heated in thi* 
air, it burns with a greenish flame. In its general properties and reactions it 
stands closely related to S and Se (2). 

Z. Occurrence.— In few places and in small quantities in Germany, Mexico, 
Bolivia, United States and Japan. Some of the minerals are; tellurite, TeO,; 
tetradymite, SBi,Te,.Bi,S, ; ferrotellurite, FeTeO. , etc. It also occurs native. 

3. Freparatlon- — (/) Fusion with alkali carbonate and C, which converts It 
Into a telluride, as NajTo; then solution in (air free) water, the air being 
excluded as much as possible, and the filtrate precipitated by jiassing air 
through the solution. The Te is precipitated as a gray metallic powder, con- 
taining what Se may have been present. (2) Conversion into TeCI, by distilla- 
tion in a current of chlorine, decomposition of the chloride with water to 
H.TeO, and precipitation of the Te with XHSO, . (.J) From lead chamber 
scale by digestion with Nft,CO, and KCN , forming KCNTe . The decanted 
solution ts acidified with HNO, and the Te precipitated with H,S (Sehimose, 
C. y., 1884, 49, 157). (i) For purification of the commercial Te , see Brauner 
(¥., 1889, 10, 411) and Schimose (C. N., 1884, 49, 20, and 1883, Bl, 1990- 

4. Oxides and Hrdrozldes.- TeO is said to be formed by beating TeSO, in a 
vacuum Hbove 180°: TeSO, = TeO -f SO, (Divers and Schimose, C. X., 18S3, 47, 
2Z1). TeOj forms when To is burned in the air, and when TeCli is decomposed 
by boiling water. It is a white crvstniline solid, sparingly soluble in HjO , 
more soluble in acids from which solutions water muses a white precipitate of 
TeO, or H,TeO, . H,TeO, is formed when n HNO. solution of Te is immediately 
poured into cold water, warming to -lO" changes it to TeO, . H,TeOj is made 
fay fusing TeO, with KNO, , treating the E,TeO, bo obtained with solnlile lead 
or barium salt and decomposing this salt with H^SO, or H,S . colorless crystals, 
insoluble in alcohol or ether-alcohol (separation from H-SO.). It can be 
recrvstnllized from water and upon heating forms T«0, (Clarke, Am. S., 1R77, 
114,281; 1873, 116, •)01). 

5. EolubilitiM.— Te is insoluble in HCl; HNO, and nitrohvdrochloric acida 
oKidiw it to H,T«0,: in E,SO, it becomes H,TeO, with evolution of 80, (Hilger, 
A., 1S74, 171. 211): soluble in warm concentrated solution of KCN, from which 
solution HCl precipitates all the Te . H,ToO, is tnirl.v soluble iti water, red- 
dens moist litmus paper and easily decomposes into TeO, and H,0 . Acid sola* 
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tions of T«0, are precipitated upon addition at irater or upon etBnding. T«0, 
and H.TeO, lorm soluble alkali salts with the alkalis from whicb aolutiona of 
the other metallic ealts precipitate the respective tellurites. H,IeO, is soluble 
in water, acids and alkalis; alkali carbonates form acid tellurates, lees soluble 
than the corresponding normal salts. Solutlous of the alkali tellurates form 
insoluble tellurates with soluble salts of the other metals e a K,TsO + 
BaCl, = BaTeO. + 2KC1 . , , -, . -r 

6. Beactlons. — Tellurium is classed with second group metala because of ita 
precipitation from solutions of tellurites and tellurates by H,S . The pri'uipi- 
tate is not a sulphide, but is T« mixed with varying proportions of B , for CS, 
removes nearly all the sulphur (Becker, A.. 1876, 180, 857). In appearance the 
precipitate of Te with H,S very much resembles SnS , and is very aoiublc in 
{NH.),8. 

At a, high temperature Te and H unite directly, forming H,Te (Braoiier, if., 
18H9, 10, 446), H,Te is best prepared by heating together Te and Tb or Zn and 
decomposing these tellurides with HCl (analogous to (he corresporidiug- reac- 
tions with sulphur, J25T, 4). A colorless gas, odor similar to H,S . bums with 
a blue flame, fairly soluble in water and is precipitated as Te° frnrn its solution 
by the oxygen of the air. H,Te precipitates solutions of met-il'lic salts very 
similarly to H,S and H,Se . 

7. Ignltioo.— Te combines on ipnition with most metala to inrm tellurides. 
TeO, ignited, decomposes into TeO, and O, All lower Te conipouuds ignited 
with KlfO, give KjTeO, . All Te compounds give on charcoal with the blow- 
pipe a white powder, which colors the reduction flame green and disappears. 
Heated in an open glass tube. To compounds give a sublimate of TeO, . which 
melts upon heating. Te compounds fused with ECIT in a current of hydrogen 
form potassium tellurocyanate, ZCNTe; soluble in water but precipitated by a 
current of air as Te" (distinction and separation from 8e). Heated with NajCO, 
on charcoal Te compounds give TSe^T^ , which blackens silver v.-Wh formation 
of Ag.Te . 

8. Detection.— By reduction to To" and solution in cold concentrated H,SO. 
to a purplish-red solution (characteristic). Separated from Se by fusion with 
KCK' in a current of hydrogen and precipitation from the solution by a current 
of air. 

9. Estimation. — The Te compound is heated in a current of CI , leCl, being 
eublimed. This is decomposed by water to TeO, , which is reduced to Te" l^ 
BO, and yveighed as such after drying at 100° . 

10. Oxidation. — Hydrogen at a high temperature reduces Te compounds to 
H,Te . H,S reduces Te compounds tn Te° mixed with S . Fusion with ENO, 
oxidizes all To compounds to K,TeO, , SO, reduces Te compounds to Te" . 
SnCl, and Zn in acid solutions give with Te compounds a black precipitate 
of Te" . Te compounds warmed yvith dextrose in alkaline solution are reduced 
to Te" . Tellurates boiled with HCl evo'lve chlorine and are reduced to H,TeO, , 
which precipitates as TeO, on adding water if too much HCl be not present 
(distinction from Se). 



§113. SeleBinm. Se = 79.2 . Valence two and four, poBBibiy eix. 

1. Proportiee. — SpvcifU: gravity, of the red variety, 4.859; of the black variety, 
4.790 (Schatfgotseh, J. pr., 18J8, 43. 308). It begins to soften between 40° and 
60°: it is half fluid at about 100°, but is not completely molten until 250° 
(Draper and Moss, C. A'., 1876, 33, 1). The molten Se does not become com- 
pletely solid until cooled to 50°, Selenium with tellurium is closely related to 
sulphur, and like sulphur exists in amor)>hoU8 forms (S256, 1). The precipi- 
tated So is red. The brown or brown-black powder obtained by quickly cool- 
inp from the molten state is insoluble in CSj , Boiling point. 676° to eSa" 
(Carnellcy and Williams, C. .V.. 1879.39. 2Sfi), 

S. Occurrence.^In no place abimdantly: jiever native. It Is found in com- 
bination yyith minerals in the Hartz Mountains. Sweden. Argentine Republic and 
Mexico (Billandot. C. y., IRSa, 48. fiO), It occurs in very small quantities with 
some sulphides of Fe . Cu and Zn . ,, ..„. -.. . > . _ 
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3. Prapanitlan. — In tbe lead chnmberB of the H,80, works it is found aa « 
red deposit with some 8 , As.O, , Sb,0, , FbSO, , etc. The scale is washed witb 
water and digi^eted with KCN solution at B0° to 100°, until the red color entirely 
d!u[^ieara. The flltrale is then treated with HCl , which precipitates the S« . 
It ia further purified by oxidation to BeO, , sublimed and then reduced with. 
80, (Nilson, B., 1H74, 7, ITlflJ. 

1. Oztdea and Hydroxldea.— H,SeO, is prepared by oxidizing Be with HHO, , 
or nitrohydrochloric acid. H,S«0, evaporated to dryness gives H,0 and SeO, , 
crystalline. SeO, is also formed by burning 8e in air or oxygen: it has an 
odor simitar to decaying radisti. It subiimi-K nt about 200° as a yellow vapor, 
coadensing to white needles on cnoling. SeO, is not known. B,8eO, , pure, 
is a white crystalline mass, melting at 5S°. HiSeO^.H.O is crystalline at —38", 
and if recrystallized melts at 25°. The selenic acid usually obtained is a thick 
oily liquid, resembling H:SO, and containing about 0."i per cent H,SeO, . It is- 
obtained by fusing 8e or SeO, with KNO, and precipitation of the K:SbO, with 
soluble salts oi Ba . Pb . Ca or Cu and decomposing the washed precipitates, 
■uapended in water, with H^SO^ or H,S . 

5. Soluhllitiea.— So dissolves in cold concentrated H-SO, to a green colored 
eotution without o^idotion (dilution with water precipitates th<^ Se); if the 
solution be warmed SO, is evolved and the preen color disappenrs (dilution 
with water gives precipitate), the Se being oxidized lo SeO, . HNO, and nitro- 
hydrochloric acid oxidize it to SeO, . Selenous oxide, SeO, , is soluble in water 
in all proportions, forming B,SeO, . The selenites and selenates of the alkaline 
eorths are insoluble nnd may be formed by adding a solution of the metal to 
an alkali selenite or selcnate, e. g., Na,SeO, + BaCl, = BaSeO, -|- zNaCl . Many 
of the selenites are soluble in excess of H,SeO, . Selenates are less stable 
than selenites. BaSeO, is soluble in HCl (distinction and separation from 
BaSO,) and upon long-continued boiling is reduced to BaSeO, . 

6. Beactlo&B.^SelenoUB acid precipitates with H,B n mixture of Se and S , 
lemon yellow, bright red upon heating (Divers and Shimose, C. N., 1885, 51, 
199). This mixture is soluble in (irH,),S . hence in qualitative analysis Se is 
classed among the metals of division A, second group, while because of Its 
general properties it belongs with sulphur. When Se and H are heated to- 
gether they begin to combine directly at 2,i0°, forming H,Se (Ditte, C. r., 1872, 
74. 980): which in practically all its renctions is similar to H,S. H,Be is also 
formed by treating E,Se . FeBe , etc., with dilute HCl or H,SO,: HNO, givea 
H.SeO, with sclenides. H,Se is a colorless gas, odor similar to H,6 but more 
penetrating. It is more poisonous than H,S, burns when ignited, combines 
slowly but completely with Hg° , evolving hydrogen. It dissolves in water to a 
greater extent than H:S , reacting acid and depositing red flakes of Se on 
standing. It precipitates the setcnides of the metals having almost the same 
Bolubilities as the corresponding sulphides (von Keeb, J, Pliarm.. ISiifi, (4), 9, 
m). With soluble sulphites H,Se gives a precipitate of a mixture of Se and S . 

1. Ignition.— When Se or compounds of Se are fused with KCN in a current 
of hydrogen, potassium selenocyanate, KCNSe , is formed. Ix»ng boiling with 
HCl separates the Se , but this does not take place on exposure of the solution 
to the air (separation from tellnrinm). Selenium compounds heated on char- 
coal with Na,CO, are changed to Na,Se , which yields a black stain with Ag" 
and H,Se with dilute acids. 

8. Detection. — If in solution as selenites if is precipitated with H,S (soluble 
in (NH,).B): oxidized to SeO, and obtained as the white needles by subHma- 
tion, and reduced from its solution in water to the red 8e° by SO, . If present 
aa aelenldes, decomposed by HCl or H,SO, , forming H,Se , which is conducted 
iato water and the Se° precipitated by passing air or oxygen through the solu- 

9. Estimation.— Oxidized to selenic acid and precipitated as BaSeO, and 
weighed as such. If BaSO, he present the precipitate is reduced in B , and 
the resulting BaSeO, separated bv solution in HCl . Selenides are hented in a 
current of chlorine in a hnrd plass tube, being converted into SeCl, . which 
vaporizes and is decomposed in wnter: continued chlorination of the water 
solution forms H;BflO, . 

10. OztdAtion.-^" ia oxidized to SeO, by HNO, , nitrohydrochloric acid, 

" ■■ ----- - o" 
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S,80, bot concentrated, by beating' in air or oxyi^n, etc. H,BeO, is oxidized 
to HjSeO, by continued chlorination, and bv ft'iHion with KlfO, . H,SeO, is 
reduced to H,S«0, by Vioiling with HCl . S6, reduces selenous compounds to 
the red Se" , even in H,SO. Bolutlona (distinction from tellurium) (Keller, 
■J. Am. Sof., moo, 22, 241). H,S forma a precipitate of S« mixed with S . BaSJI, 
precipitates S«° from HCl or H,SO. solutiona of selenous compounda. 



The Ibon and Zinc Groups (Third and Fourth Groups). 

§114. The HetalB of the Earths and the more Electro-Fofitive of the 

Heavy Hetals. . 



Aluminum Al ^ 3T.1 

Chromium Cr = 52.1 

Iron E» =: 66.9 

Cobalt Co = 59.00 

Wokel Si = 58.70 

Ifangbneae Mn. = S5.0 

Zinc '. Zn = 65.4 

Cerium Ce = 139.0 

Columbium Cb ^ 93.7 

Erbium X =: 166.0 

Gallium Ga = 70.0 

Olucinum Ql ^ 0.1 

Indium In == 114.0 



Lanthanum 


La = 138.6 


Neodymium 


Nd = 143.6 


Praseodymium. . ■ 


Pr = 140.5 


Samarium 


Bm = 150.3 


Scandium 


Sc = 44.1 




Ta = 182.8 


Terbium 


Tr =160. 


Thallium 


Tl = B04.15 




Th =232.6 




Ti = 48.15 


Uranium 


U = 239.6 




Tb — 173.2 


Yttrium 


T = S9.0 


Zirconium 


Zr = 90.4 



§115. The metals above named gradually oxidize at their surfaces in 
the air, and their oxides are not decomposed by beat alone. Zinc, iron, 
cobalt, nickel, and, with more difficulty, manganese, chromium, and most 
of the other metals of the groups, are reduced from their oxides by igni- , 
tion at white heat with charcoal. They are all reduced from oxidee by 
the alkali metals. Iron is gradually changed from ferrous to ferric 
combinations by contact with the air. Chromium and manganese are 
oxidized from bases to acid radicals by ignition with an active supply of 
oxygen in presence of alkali? ; thcpo acid radicals acting as strong oxidizing 
agents. 

§116. The oWrf«s and /n/r^conVes of these metals are insoluble in water 
and they are preeipitiited from all their salts by alkalis. Tn the case of 
zinr, the precipitaie redist^nlves in all the alkalis; the aliimiiivm hydroxide 
redipsolvea in the fixed alkalis, but vcn' slightly in ammonium hydroxide; 
the precipitate of rhromhim rcdi^solves in cold solution of fixed alkalis, 
precipitating a.srain on boiling: the hydroxides of mlmJI and nicWl dissolve 
in ammonium hydroxide. Tlic oxide of chromium after ignition is insol- 
nblc in Rcids'; the oxides of aluminum and iron are soluble Tvith difficulty, 

Tl ' presenre of larlaric arid, rilrie (jcid, sugar, and some other oi^anio 
sabstances, preyp.i>ti the prpripilnlion of banex of these groups hj alktiUs. 

§117. Ammoninin salts, as NH^Cl , dissolve moderate quantitiees of the 
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hydroiideB of manganese, zinc, cobalt, nickel, and ferrous hydroxide; but, 
EO far from dissolving the hydroxide of aluminum, they lessen its alight 
Bolnbility in ammonium hydroxide. 

§118. It thus appears that ammonium hydroxide, with ammoninm 
cUoride, the latter necessary on account of magnesium (§189, 6a), man- 
ganese (§134, 6a), and aluminum, will fully precipitate only aluminom, 
obromiiim, and ferricnm of the important metals above named. These 
metaU therefore constitute the THIRD GEOTJP (§127), and the reagent 
ot this group is AMMONIUM HYDROXIDE in the presence of AM- 
MONIUM CHLORIDE. Since aluminnm, ohrominm, and ferricum are 
precipitated by ammonium hydroxide in the presence of ammonium 
chloride (Fe" by its previous oxidation with HNO, is present as Fe'") 
constituting the THIRD GROUP; the remaining of the most important 
metals— -cobalt, nickel, mangfanese, and zinc — constitute the FOURTH 
GROUT (§137). They are precipitated by the group reagent, AMMON- 
IUM SULPHIDE or HYDRO SULPHURIC ACID in an AMMONIACAL 
SOLUTION. Some chemists do not make this classification of these 
metals, but precipitate them all as one group with ammoninm ralphide 
(§144), from neutral or ammoniacal solutions. The sulphides of Fe, Co, 
TSi , Mb , and Zn are not formed in presence of dilute acids, which acids keep 
them in solution during the second group precipitation ; but are insoluble 
in water, which enables them to be precipitated by alkali sulphides, and 
separated from the fifth and sixth groups. The other two metals, Al and 
Ct , do not form sulphides, in the wet way,- but are precipitated as hy- 
droxides by the alkali sulphides. 

§119. Hydrosnlplinrio acid scarcely precipitates the metals of these 
groups, unless it be from some of their acetates (§135, 6e), owing to the 
iiolubility of the sulphides in the acids, which would be set free in their 
formation. Thus, this change cannot occur— FeCl, -|- HjS — FeS + 
SECI — because the two products would decompose each other. Therefore 
vhen it is desired to precipitate the metals as snlphides, neutralized 
hydiosnlphnric acid— an alkali sulphide— in used in neutral or alVatine 
solution; or, what is equivalent, hydrosnlphnric acid gas is passed into the 
strongly ammoniacal solvtion. 

§120. As most of the chemically normnl palts of heavy metals have an 
acid reaction to tofst-papcr, we can only assure ourselves of the requisite 
neutrality by adding sufficient ammonium hydrojiidc, which itself precipi- 
tates the larger number of the hace.", as wo hnvo just seen (§116). But 
the resulting precipitate of hydroxide, as Fe(OH)^ , is immediately changed 
to sulphide, FeS, by subsequent addition of ammoninm sulphide; as the 
student may observe, by the change in the color of the precipitate. 

Ferric and manganic salts are reduced to ferrous and manganous salts,, 

- ?Jc 
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by hydrosolphTiric acid, in boIuUoii, with a precipitation of sulphur, and 
the correeponding reaction occurs with chromateB. 

§121. Soluble oarbonatei precipitate all the metalB of theae groape, in 
accordance with the general etatement for bases not alkali (§20S, 6a). 
With aluminum and chromium, the parecipitates dissolve sparingly in ex- 
cess of potassium or sodium carbonate; with Co , Ni and Zn , the precipitate 
dissolves in excess of (HHj)jC03 , In the case of ferrous and manganous 
salts, the precipitates are normal carbonates; with zinc, cobalt, and nickel 
salts, they arc basic cnrbonates; while with ferric, aluminum, and chrom- 
ium salts, the precipitates are hydroxides. Barium carbonate precipitates 
Al, Cr"' and Fe'", which, in the cold and from salts not sulphates, is a 
separation from the fourth group metals. 

§122. Soluble phospIuiteB precipitate these as they do other non-alka)i 
bases. The acid solutions of phosphates of the metals of the third and 
fourth groups are precipitated by neutralization. Phosphates of Co, Ifi, 
and Zn are rcdisaolved by excess of KH^OH , and those of Al , Cr , and Zn 
by excess of the fixed alkalis. The recently precipitated phosphates of all 
the metals of these groups which form sulphides, are transformed to sul- 
phides by ammonium sulphide, due to the fact that the sulphide is lesv 
soluble than the phosphate: FeHPO, + (HHJjS = FeS + (NH,),HTO,. 
Hence, the only phosphates which may occur in a sulphide precipitate are 
those of Al , Cr , Ba , 8r , Ca , and 1^ . 

§123. The metals of the third and fourth groups are not easily reduced 
from their compounds to the metallic state by ignition before the blow- 
pipe, even on charcoal, except zinc, which then vaporizes. Three of them, 
however — iron, cobalt, and nickel — are reducible to magnetic oxides. The 
larger number of them give characteristic colors to beads of borax and of 
microcosmic salt, fused on a loop of platinum wire before the blow-pipe. 
None of them color the flame or give spectra, unless vaporized by a higher 
temperature than that of a Bunsen burner (spark spectra). 



The Iron Group (Third Qkodp). 

Aluminum, Chromium, Iron. 

§124, Aluminum. Al — 27.1 . A^alence three. 

1. PropertlM.— Spcc(/Ic groHtp, 2..^83 (Mallet, C. K., 1882, 46, 178). MdHng 
point, flS4.5° (Heycock and Neville, /. f,, 1SB5, ST, IM). It is a tin-white metal 
(the poivdcr is gray), odorless and inHtflfna, very iluetile ami malleable, about 
as hard an silver. It has not been vnjiorized, impurities inereiiee the meltins- 
point, when molten it poaaesKi's jfreat tiilidity. Ah a conductor of hent it is a 
little better than tin and about two-thirds as f^ood as silver. It conducts 
electrieitv aliont one-half as well as copper (TotrKendorf. Po'ig., 1856, 97, 6«), 
about one-third as well as silver (Matthiessen. Fogg., 1S5S, 103. 428), and nbont 
eight times better than iron. Commercial aluminum is neyipr pure, contalnin^r 
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UDkll amounts of aillcon and Iron, and aometimea Ca and Pb , witb 9fl to 99 
per cent aluminum (Hampe, A., 18TG, 183, 78). It ie used for cooking utenalla, 
canteens and otber mill tar j equipments, boata, small weights, meaaures, 
articles of ornament and acientiflc inatrumeuta; aa an alloj with copper 
(aluminum bronze) it finds extensive application. 

Z. Occnrrenca. — Not found free in nature. Is found in corundum, ruby and 
sapphire, as nearlj pure A1,0,; in dleapore (AlOOH); in bauxite (A1,0(0H).); 
in felspar (K.A1,810.) : in cryolite {Ka.AlF.). Ah a silicate in all clays and In 
verj many minerals. It is widely distributed, constituting about one-twelfth 
of the earth's crust. 

3. PreparaUon-— (I) By electroiycis of the fused NaAlCl, . (2) By fusion of 
cryolite or the chloride witb Ha or K . (3) By heating HaAlCl, with zinc, with 
which it forms an alloy from whlcb the zinc in driven oft bv n white heat. 
(i) By fusion of the chloride with potassium cyanide. (S) By fusing Al,8, 
with iron. A great many new methods have been patented. See Dammer, S, 
79. 

4. Oxide and Hydroxldea.— Al.O, is formed by heating the hydroxide, 
nitrate, acetate or other organic salt, difficultly soluble in acids after ignition, 
but mny be dissolved after fusion with KHSO. or Na,CO, . AKOH), is 
formed when aluminum salts arc precipitated with cold ammonium hydroxide. 
A1,0(OH), is formed if the precipitation is made at 100°. 

5. SolnbUltlBB.— a.— Jfefal.— Pure aluminum scarcely oxidizes at all in dry or 
molBt air; the elect roiyticatly deposited powder oxidizes gradually in the air. 
Powdered or leaf aluminum when boiled witb water evolves hydrogen, forming 
tlie hydroxide. It Is attacked by the halogens forming the corresponding 
bilidea (Gustavson. BL. ISSl. (2). 30, 5S6). Dilute sulphuric acid attacks it 
slowly, evolving hydrogen (Ditte, C. r., 1890, 110, 573); the hot concentrated 
acid dissolves it readily with evolution of SO, . Nitric acid, dilute or con- 
centrated, attacks it very slowly (Deville, A. Oft., 18S5, (3), 43, 14; Monlemartini, 
Ga:3rt(o, 1893, 22, 397; Ditte, I.e., 7H2). Hydrochloric acid, dilute or concen- 
trated, dissolves it readily with evolution of hydrogen: also attacked readily 
by fixed alkalis, sparingly by NH.OH (GSttig, B., 1896, 29, 1671). evolving 
hydrogen with formation of an aluminate; SAl -j- 2K0H -|- ZH,0 ^ 2KA10, + 
3H, . It is attacked by fixed alkali carbonates (O., S. S7). When ignited with 
■odium carbonate, aluminum ONide \s formed, i>oclium is vaporized and a Bmall 
Emonnt of aluminum nitride produced (Mallet, J. C, 1876, 30. 340). Fused 
KOH ia decomposed by aluminum at very high temperature, the potassium 
being vaporized (Deville. J., 1857, 1S2). It is not at all attacked by cold four 
percent acetic acid (vinegar) even in presence of NaCl , and when boiled for 
14 hours with the above mixture a square meter of Hurface (weighing 24.7436 
(Trams) lost but 0.047 grams (one part in 526). 

h. — Oxide and hydroxide. — The oxide is insoluble in water, and when not 
too strongly ignited diasolvea readily in dilute acids and in fixed alkalis. 
Coniodum, crystallized A1,0, , is insoluble in acids, but is rendered soluble 
hv fusion in fixed alkali cnrbonales or sulphates. The hydroxide Al(OH). 
is insoluble in water, readily soluble in acids and in fixed alkalis, sparingly 
soluble in ammonium hydroxide, thp solubility, however, being much 
decreased by the presence of ammonium salts, c. — Salt*. — Aluminum phos- 
phate ia the most important of the aluminum salts, insoluble in water. The 
normal acetate is soluble, the basic acetate insoluble in water (separation 
from Cr and the fourth group). The chloride is dfUquextvnl. The double 
sulphates of aluminum and the alkali metals (alums) are soluble and readily 
melt in their water of crystalIiz.7tion, becoming anhydrous. Anhvdrous 
aluminum sulphate is insoluble in water (Persoz. A. Ch.. 1859. (3), B6, loa). 
Solutions of normal salts of aluminum have an acid reaction. 

6. BeaDtiom. a.— The alkali hydrozideB nnri carbonates* preripitafo 
almninum hydroxide (J), Al(OH), (4), grayish-white, gelatinou!: inpoliihle 
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in water, soluble in excess of the fixed alkali hydroxides * (3) (Preacotl, 
J. Am. Soc, 1880, 2, 27; Ditte, A. Ch., 1897 (6), 80, 26G), sparinglj soluble 
in the fixed alkali carbonates and in ammonium hydroxide but much lea 
so if ammonium salts be present. The solution of fixed alkali aluminate 
is precipitated as aluniinuni hydroxide by careful neutralization of the 
alkali with acids including hydrosulphuric (5), and carbonic, as basic 
hydroxide, by adding excess of ammonium chloride (4) (distinction from 
zinc which is precipitated by a small amount of HH,C1 , but redisBoives on 
adding an exee'ia) (Lowe, Z., 18G5, 4, 350). The excess of potassium 
hydroxide liberates ammonia forming potassium chloride, thus reducing 
the amount of fi.xcd alkali present. The precipitate is more compact and 
washes more readily than the gelatinous normal hydroxide. B&rinm car- 
bonate, on digestion in the cold for some time completely precipitates 
aluminum salts as the hydroxide (5) mixed with a little basic salt. (See 
§126, 6a.) The presence of citric, oxalic, or tartaric acid greatly hinders 
the precipitation of aluminum hydroxide, and an excess may entirely pre- 
vent its precipitation by the formation of a soluble double salt, «. j., 
EA^CfH^Og), , Other organic substances, as sugar, pieces of filter paper, 
etc., hinder the precipitation. To obtain complete precipitation all or- 
ganic substances should be decomposed. 

(/) AlCl. + 3K0H = A1(0H), + 3KC1 

2A1C1. + 3K,C0, + 3H,0 = 2A1{0H). + 6KC1 + 3C0, 
(2) Al(OH). + KOH = KAIO, + 2H,0 
or AlCl, + 4E0H = KAIO, + 3KC1 -|- 2H,0 

(J) 2KA10, + H,S + 2H,O = 2Al(0H), + K,S 
(i) aKAlO, + SNH.C1 + H,0 = Al,O(0H)i + 2KC1 + 2irH, 
(5) SAICI, + aBaCO, + 3H,0 = 2A1C0H). + 3BaCl, + 3C0, 
6. — Oxalates do not precipitate aluminum salts. The acetate of ahin- 
ilium is decomposed upon boiling, forming the insoluble basic acetate 
(-^I'paration of iron and aluminum from Ibe fourth group): Al(CjH30,)j + 
H,0 = Al(CjH30,)30H + HCiHjO, . The basic acetate is best formed ai 
fallows: To the solution of aluminum salt add a little sodium or am- 
nionium carbonate, as much as can be added without leaving a precipitate 
on stirring, thou add excess of sodinm or ammonium acetate, and boil for 
so"-i' ti'7>e, when the precipitation at length becomes very nearly complete. 
Phenyl hydrazine, C„H-,NHBH, . completely precipitate-; aluminnm as 
Ibi' hydroxide from the neiitrjil solution of it« salts (complete separation 
of :duminum and cbromium from iron whicb should bo in the ferroa; 
coi!dition) mess and Campbell. /. Am. Soc, 1899, 21, 776). 

•A solution of Imriuni liyclroilde may bo used to iIIbboIto the AKOH), In Boparatioe ■^'■' 
I^rfOHi, end CrlOHi,: especlaU; valuable In detecting: the presence of small amounl!! <-: 
alumlaum when the reasents NkOH imd KOH contain aluminum (N'eumsnn. X^ 13M. II. '" 
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e. — Nitric ftcld Is a very poor BOlTent for metallic alamiDnin, but a ^ood 
toIv«Dt for the oxide and hydroxide. The metal diaaolvee in a eolution of the 
normal aluminum nitrate, evolving hydrogen and forming the basic nitrate 
AI.O.{N0,), (Ditte. C. r., 1890, 110, 783). 

d. — ^Alkali phoaphates precipitate aluminum phosphate, AlPO^ , white, 
insoluble in water and acetic acid, soluble in mineral acids, and in the 
fixed alkalis (separation from FePO,) (Grueber, Z. angew., 1836, 741). 
A Beparation of Al and PO^ may be effected by dissolving in hydrochloric 
acid adding tartaric acid and then ammonium hydroxide, and digesting 
some time with magnesia mixture (magnesium sulphate to which sufficient 
ammonium cliloride has been added so that no precipitate is obtained 
when rendered strongly alkaline with ammonium hydroxide). The filtrate 
contains nearly all of the aluminum. The same method may be employed 
with Fe'" and PO, . See also 7. 

e. — The sulphide of aluminum cannot be prepared in the wet way, that 
prepared in the dry way being decomposed by water (Curie, C N., 1873, • 
28, 307). Hydrosolpliarie acid does not precipitate aluminum from acid 
or neutral solutions; from its solutions in the fixed alkalis it is precipitated 
as the hydroxide on addition of sufficient hydrosulphuric acid to neutralize 
the fixed alkali (distinction from zinc which is rapidly precipitated from 
its alkaline solutions, as the sulphide). The alkali sulphides precipitate 
aluminum from its solutions, as the hydroxide; from acid or neutral solu- 
tion HjS is evolved : 2A1C1, + 3(KH^)iS + 6HjO := 2A1(0H), + 6NH.C1 
-f- 3HjS , from solutions in the fixed alkalis ammonia is evolved, fixed 
alkali sulphide being formed : 2KA10, + (NHJjS + SHjO z= 3A1(0H), + 
K,S + gNH, . 

Sodium thloBulphate precipitates, from aluminum salts. In neutral solutions, 
aluminum hydroxide with free sulphur and liberation of sulphurous anhvdride: 
2A2,(SO,). + alTa,S,0, + 6H,0 = 4AI{0B:). + 3S, + eNSaSO, + fiSb, . A 
small amount of sodium telrathionate is formed and also some hydroHutphurlc 
acid <Vor1mann. B., 18B9, 22, 3307). Sodium BulpMte also pret^ipitntes alu- 
minum hvdroxide, with liberation of sulphur dioxide: SAICI, + 3Na,B0, + 
3H,0 = 2A1(0H), + GNaCl + 3S0, . Neither of the above reagents precipi- 
tate iron aalta, thus effecting a separation of aluminum (and chromium) from 

Aluminum, chromium and ferric sulphates crystallize with the sulphates 
of the alkali metals, forming a class of compounds, alums, of which thi> 
potaseium aluminum compound is perhaps best known, KAl(S0,)j.l3H,0 , 
common alum. These compounds melt in their water of crystallization, 
becoming anhydrous upon further heating. The freshly ignited alum i? 
only sparingly soluble in cold water, hut upon standing becomes readily 
soluble, dissolving in less than one part of hot wate^-. The altmis are usu- 
ally leas soluble than their constituent sulphates and may be precipitated 
by adding a saturated eolution of alkali sulphate to a very concentrated so- 
lution of Al, Cr"' , or Fe'" sulphate. m|,. 
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f. — Aluminum chlorlda ia a very powerful dehTdratiucf agvnt and is much 
used In org-anic chemietry as a halogen carrier. An impure aluminum cblor^te, 
mixture of EClO, and Al,(80,), , is much used in c^ico printing (Schlum- 
lierger, Dingl., 1H73, 207, 63). p.— Aluminum salts are precipitated by goln- 
tionx of alkali nrsenites and araenalfs. but not by arsenouB or arsenic acids. 
A. — I'otassium chroniate forms a yellow f^latinous precipitate, patasBimn 
bichromate gives no precipitate with aluminum waits. ».— Solution of borsx 
precipitates an acid aluminum borate, quickly changed to aluminum hydroxide. 

7. Ignition- — Compounds of aluminum are not reduced to the metal, but 
most of them are changed to the oxide, by Ignltloti on charenal. If now this 
residue is moistened with solution of cobaltouB nitrate, and again stronglj' 
ignited, it assumes a blui: color. This test is conclusive only with infusible 
compounds, and applies only in absence of colored oxides. Aluminum com- 
potinda ignited on charcoal iu presence of sulphur are changed to Al,8i (Buch- 
erer, Z. amjew., 18B2, 4B3), 

To separatt Al from FO, , fuse the precipitate or powdered substance with 
ly, parts finely divided silica and G parts dried Bodlom carbonate in a platinum 
crucible, for half an hour. Digest the mass for some time in water; add 
ammonium carbonate in excess, tiller and wash. The residue conrists of 
aluminum sodium silicate; the solution contains the PO, , as sodium phosphate. 
The Al can be obtained from the residue by dissolving it in hydroehlorlc add, 
evaporating to dryness to render the silica insoluble. Treat with hydrochloric 
■ acid and filter; the filtrate containing aluminum chloride. 

8. Detection, — After the removal of the first two groups it is precipi- 
tated with Cr and Pe'" ae the hydroxide, A1(0H)3 , by 1TE,0H in the pres- 
ence of HH,C1. It ia Beparated from Fe{OH), and CrCOH), by boiling 
with KOH . From the filtrate acidulated with HCl it ia precipitated as 
hydroside with (NHJ^CO, ; or it ia precipitated from the KOH solution 
by an excess of HZ.Cl {6fl). 

0. Estimation. — Aluminum is usually weighed as the oxide, after ignition. 
It is separated from ziiie as n basic acetate; from chromium by oxidizing the 
latter to chromic ncid, by boiling with potassium chlorate and nitric acid, or 
by fusing with RNO, and Na,CO, , or li.v action of CI or Br in presence of 
KOH. and after acidulating with HCl precipitating the nlnminutn with am' 
moniuni hydroxide. It mav be separated from iron bv boiling with KOH (f-a). 
by Na,S,0. (tic), or hv phenylhydrn/ine (Ob). It is separated from iron by 
conversion into the oleale and disKolving the oleate of iron [Fe'" or Fa") in 
petroleum {liornlrneger. Z., isn.l, 32, IfiT). It is sometimes precipitated and 
weighed as the phosphate. 

10. Oxidation.— Alum i mi m rodiices solutions of Pb, Ag, Hg*. Sn, Bl 
{incompletely). Cu f , Cd , Co , Ni . Zn J and Gl (in alkaline mixture only), 
Te, Se, An, and Pt, to the motnllie ^tate: ferric snlta to ferrous salts; 
As and Sb with HCl become respectively AbH,, and SbHj with alkalis As'" 
is reduced to AsH, . Ai" is nnchnngod (§89, G'b and 10). and SV" and 
Sb^ become Sb". Aluminum salts are not reduced to the metallic stati.' 
by any other compounds at ordinary temperature; by fusion with E or Na 
metallic aluminum in obtained, much better, however, by the aid of the. 
electric current. 

tltommasi, BI., IffiE, (t). S7, 'An. 
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§125. Chrominm. Cr= 53.1 . Valence two, three and six. 

1. Prop«rti«&— Speef/le ffratUv, S.Bi (Woehler, A., 1859, 111, 231). Utltg with 
greater difficulty than platinum (Glatzel. fl.. 1890. 23, 3127). A grayish- white 
cryBtalline metal. The hardness of steel is greatly increased by the presence 
of lesH than une per cent of chromitim. It is non-magnetic (Woehler, I. c). It 
bums to the oxide Cr,0, when heated to 200° to SVO' in the air (Moissan, C. t., 
1879, 88, 180). 

2. Occurrence. — Not found native. It is found in several mineralB. Cbrtime' 
ironstone or chromite (PeOCr.Oi) is the chief ore of chromium, and is usually 
employed in the manufacture of chromium compounds. Chromite and also a 
double sulphide of iron and chromium, reCT,8, , are found in pany meteors. 

3. PreparaHon.— (J) By electrolysis of the chloride. (2) By fusing the 
chloride with potassium or aodium. (3) By ignition of the oxide with carbon. 
U) By fusing CrCl. with Zn , Cd nr Mg . using ECl and NaCl as a flux, and 
removing the excess of the Zn , Cd or Mg by dissolving in nitric acid, which 
does not dissolve metallic chromium. (5) By ignition of the oxide with alu- 
minum (Goldschmidt, A.., 1898, 301, 19). 

4. OxidttB and Hydroxldea. — Chrmnmtg oxide, CrO , has not been isolated. The 
corresponding AydrojHde, Cr(OH), , is made by treating CrCl, with ZOH. 
Ciromir, curfde, Cr,0, , is made by a great variety of methi^s, among which are 
fasing the nitrate, or higher or lower oxides and hydroxides in the air; heating 
mercurous cbromate, or the dfcbromatee of the alkalis: 

4Hg,CrO, = 2Cr,0, + 8Hg 4- SO, 

(NHJ.Cr.O, = Cr,0, -f N, -}- 4H,0 

4E,Cr,0T = 2Cr,0. -|- 4E,CrO. -f 30, 
In the last the E.CrO, may be separated by water. After heating to redneas, 
Cr,0, is insoluble in acids. Chromic hydroxide, Cr(OH), , is precipitated by 
adding BH,OH to chromic EOlutionG. Tiiat formed by precipitating with EOH 
or NftOH retains traces of the alkali, not easily removed by washing. 

Cbrvinium trioxide or chromic anhydride, CrO, , is formed as brown-red 
needles upon addition of concentrated sulphuric acid to a concentrated solution 
of K,Cr,0, : to be freed from sulphuric acid it must be recrj-stalllzed from 
water, in which it is readily soluble, or treated with the necessary amount of 
BaCrO, (Moissan, A. Ch., 1885, (6). 5, nM). It is also prepared by trunsiiosi- 
tion of BaCrO, with HNO, or H.SO,: PbCrO, with H,SO,: and As,CrO, with 
HCl: etc. It melts nt about 170" (Moissan. Li:). deconijiosing at liigber tem- 
perature into Cr,0, and O. It is used in dyeing silk mid woiil, but not 
cotton fabrics. It is a powerful oxidizinif aifent, being redilcpd to chromic 
oxide. The existence of chromic ncid. H,OrO, . is disputed (Moissiin, I.e.; 
field, r. v., 1892. 65, 153; and Ostwald, Zcff. pftj/H. Cb., l«Hfi, 2. ;•*). Two 
series of salts are formed as if derived from chromic ncid, HjCrO, , and 
dichromic ncid. H,Cr,0, . The salts are iiuile stable and find iin extended 
application in analytical chemistry (6ft, 587, SS9, 5186, ftc). 

5. 8ornbilitie».—n.—.lfrtnf.— Chromium is not at all oxidised by water or 
moist air at 100°. Heated above 200° it is oxidized to Cr,0, . rapidly in pres- 
ence of KOH . It is soluble in HCl or dilute H,SO,; insoluble in concentrated 
H,SO, or in HWO, , dilute or loncentroted. Chlorine or bromine attack it 
with formation of the corresponding halides (Woehler, (. c; lifer. A., 1859, 118, 
.102). «.— Oxides and HydKMtldM.— rftromic oxide. Cr,0, , is insoluble in water, 
slowly soluble in acids, but not at all if previously ignited (Traube, ,1., 1848, 
68. 88): the hydroxide is insoluble in water, soluble in acids, sparinfrly soluble 
in ammonium hydroxide, soluble in fi.xed alkalis to chroniites. rep reel pit a ted 
aRnin upon boiling. The presence of other metnllic hydroxides, as iron, etc., 
hinders the solution in tlxed alkalis. Chromic anhydride, CrO, , is very soluble 
in water, soluble in reducing acids to chromic salts. 

e.— Salts. — Chromic sulphide is not formed in the wet way, being 
decomposed by water; the phosphate is insoluble in water. The chloride 
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exiBts in two modificationB ; a deliquescent soluble chloride, which also 
fomiB a soluble basic chloride (Ordway, Am. S., 1858 (2), 28, 202); 
and a violet sublimed chromic chloride abanlutely insoluble in water, 
hot or cold, or in dilute or concentrated acids, the presence of a very 
Email amount of chromous or stannous chloride at once renders this modi- 
fication soluble in water (Peligot, A. Ch., 1846 (3), 18, 298); the bromide 
and sulphate also exist in soluble aud insoluble modificationft ; the nitrate 
and also the basic nitrates are readily soluble in water (Ordway, 1. c). 
There" are many double salts, the sulphates of chromium and the alkali 
metals, chrome aiiun, forming salts similar to the corresponding aluminum 
compounds. There are two modifications of solutions of chromium salts, 
one having a green color and the other violet to red, the tints are modified 
somewhat by the degree of the concentration. AH normal chromic salts 
in solution have an acid reaction, being partially hydrolized. 

6. Beaotions.* a. — Alkali hydrozides and carbonates precipitate solo- 
tions of chromic salts, as chromiuTn hydroxide, gelatinous, gray-green or 
gray-blue according to the variety of solution from which it is obtained 
(5c), insoluble in water, soluble in acids; soluble in excess of the fixed 
alkalis to chromitee: Cr(OH), + KOH = ECrO, + 2H,0 ; the chromium 
is completely repreeipitated on long boiling (distinction from aluminum), 
or on heating with an excess of ammonium chloride. The presence of 
ferric hydroxide and some other compounds greatly hinders the solution 
in fixed alkalis, hence chromium cannot be separated from iron by excess 
of fixed alkali. Chromium hydroxide is slightly soluble in excess of cold 
ammonium hydroxide to a violet solution, completely repreeipitated on 
boiling. The precipitate formed with the alkali carbonates is almost 
entirely free from carbonate; 2CrCl, + SNajCO, + 3H,0 = SCrfOH)^ + 
6NbC1 4- 3C0j. Barium carbonate precipitates chromium from its solu- 
tions (better from the chloride) as a hydroxide with some basic salt, the 
precipitation being complete after long digestion in the cold (separation 
from the fourth group). For removal of excess of reagent, add H.SO, 
and the filtrate will contain the chromium as a sulphate. 

Alkali dichromates are changed to normal chromates by alkali hydrox- 
ides or carbonates. 

b. — Chromium forms no basic acetate and remains in solution when the 
basic acetates of alumi-um and ferric iron are formed (66, $134 and S126)- 
PotELSEium cjranlde prccipifales chromium hydroxide. OzalatM and ferro- 
cyanides cause no precipitate. H,CrO, is reduced to chromic compounds 

•ChrommiB salts are >Pcy unstable, they are great reducing agenta, Qildliiag- lapldlr when 
e![p09Cil to the air. They ure nlmost n'lvor met with iQanalyBls. ChromouB ohlorlda. CwCt,, W 
lormcd when the inctaH9hoat<>d In ciintaet with hydmohloclo acid gaalUfer. 1, e 1; alao by r^ 
ductlon of CrCI. with hydrogen in H heated tube [Moberg. J. pr . 1848.44. 8SS). Preclpltstps ure 
formod In Us solutlnnB bj the alkali bydroildoa. carbunnteB. eulptiidea, ct«. 'MolMao. Bl.. \ft^i 
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by KiFeCCXT), and ECN8. c— Nitrites or nltratM are without action upon 
cbromium aalte in the wet way, but npon ludon in preeence of nitrites or 
nitrates and alkali carbonate a chromate Is formed (separation from Fe and 
Al). d.—HypopIiOBphoroTU acdd reduces chramates to chromic salts. Soluble 
phoaphates, as Ha,nFO, , precipitate chromic phosphate, CrFO, , Insoluble in 
acetic acid, decomposed by boiling with KOE , leaving' the phosphate in solu' 
lion (Kammerer, J. C, 1874. 27, 1009). 

«. — Hydroinlpliiiric aoid is without action upon neutral or acid Bolntlons 
of chromium aalts, chromites as ECrO^ are precipitated as chromium 
hydroxide; 2KCrO, + H^S + 2H20 = 2Cr(0H), + KjS. The hexad 
chromium of chromates is reduced to the triad condition with Uheration 
of Bulphur, in neutral or alkaline solutions, chromium hydroxide being 
formed: 2KjCr,0, + 8MJ& = 4Cr(0H), +2K,8 + 3S, + SH^O ; in acid 
solutions a chromium salt ie formed (10). Alkali sulphides precipitate 
chromium salts as the hydroxide liberating H,S : 

2CrCl, + 3(NH,),S + 6H,0 = 3Cr(0H). + 6NH,C1 + 3H,S 
Chromates are reduced and precipitated as chromium hydroxide with sepa- 
ration of sulphur: 4K,CrO, + 6(FE.)iS + 43^0 = 4Cr(0H), + 8K0H 
+ 3S, -{- ISNH, . Soluble sulphites and thiosnlphates reduce chromates 
in acid solution (Donath, J. C, 1879, 86, 401; Longi, Ganzetta, 1896, 28, , 
ii, 119). \! 

f. — ^Hydrochlorio acid reduces chromates to chromic chloride on boilings 
with evolution of chlorine: SKjCrO^ + 16HC1 = SCrCl, + 4KC1 + 3C1, + ! 
8H,0 ; more readily without evolution of chlorine in presence of other 
easily oxidized agents, as alcohol, oxalic acid, etc.: E^Cr^O, -|- SHCl -\- 
3CjHbOH = 2KC1 + SCrClj + 3CjH.O (acetaldehyde) + 7H,0 . If the 
dry ehromate be heated with sulphuric acid and a chloride (transposable 
by sulphuric acid) (§269, 5), brown fumes of chromium dioxydichloride 
are evolved: K,Cr,0, + 4NaCl + 3H,S0, = 2CrO,Cl, + K,SO, + SNa^SO, 
-f 3HjO (§269, 8d) (Moissan, Bl, 1885 (2), 43, 6). To obtain a quantity of 
CrOjCl,, Thorpe {/. C, 1868, 21, 514) recommends 10 parts of NaCl and 
12 parte KjCFjO, fused together and distilled with 30 parts of HjSO, . 
Hydrobromic acid reduces chromates to chromic bromide with evolution, 
of bromine; hydriodic acid to chromic iodide with evolution of iodine.. 
In the presence of hydrochloric or sulphuric acids all the bromine or 
iodine is set free. KjCr,0, + 6HI -f 4HjS0, — KjSO^ + Cri,(SOJ, + . 
3I2 -j- TKfi . Hydriodic acid acts most readily upon chromates, the 
hydrochloric least readily. Chromic hydroxide and chromic salts, when 
boiled with chloric or bromic acids, or potassium chlorate or bromate and 
nitric, sulphuric or phosphoric acids, become chromic acid. 

fl.— Soluble arsenites and arsetiateB form corresponding salts with chromic . 
saitB. Chromates in acid solution are instantly reduced to chromic salts hy 
arsenites or arsenous acid. Chromic aciil boiled with arsenous acid in excess 
gives CrAsO, (Neville, /. C, 1877, 31, 283). 

k. — PotaEsium ehromate colors an acid solution of chromic salt brotvn -yellow; -. 

- - S'lc 
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on addition of ammonium hydroxide, a precipitate ol the same color ie obtained, 
chromic cbromate (MauB, PogQ., 1837, 9, 127). The alkali metals form two 
claxseB of chromates: yellow normal chromates and reddieh dichromateE 
(Sc-hulemd. J. C 1879, 36, 29B). The chromateB of the alkalla. and thone of 
miitjnesiiim, calcium, zinc and copper ore soluble; those of strontium, mercurj- 
(Hg") are sparingly soluble: and thoee of barium, manganese, bismuth, laeiv 
tin,.- (Hg:'), silver and lead are insoluble in water. Alkali ehromates or 
<lic:.romatcs are precipitated as normal chromatee (in some cases as dichro- 
niiites) (I'reis and Kayman, B., 1880, 13, 340) by solutions of silver, lead, met- 
<iirv (Hg:*) and barium salts. Silver chromate is dark red, soluble in nitric 
ncid and ammonium hydroxide (559. 6A); lead chromate is yellow, transposed 
with difficulty by nitric acid (Duvilller, A. Ch., 1873, (4), 30, 812), Insoluble in 
acetic acid (fSTt 8A): barium chromate, j'ellow, is soluble in hydrochloric and 
nitric acids, sparingly soluble in chromic acid ({186. 6*). 

T. Ignition. — Chromic oxide, iromic salts and chromatee dissolve in beads 
of microcosmic salt, and of borax, before the blow-pipe, in both reducing' and 
oxidizing fiames, with a yeilowish-green tint while hot, bi coming emerald 
green when cold. By ignition on charcoal the carbon deoxidizes chromic 
anhydride, CrO, , free or combincl, and a green mass. Ct,0, , is left. When 
chromium compounds are fused with an alkali carbonate, and a nitrite, nitrate, 
' chlorate, bromate or iodate, an- alkali chromate is formed, soluble in water 
<dit!tinction from Al and Fe). 

8. Detection. — If present as chromate (solution rrd or yellow), it is 
reduced by HCl and I'-ohol, Precipitated with Fe'" and Al, after the 
removal of the metals ot the first and second groups, by NH^OH in pres- 
ence of NH4CI. Boiling with EOH separates the Al and leaves the Cr 
with the Fe, as hydroxides. The pr oipitate is fused on a platinum foil 
with Ka^CO, and KITO, which oxidizes the Cr to an aikaU chromate, soluble 
in water (separation from the Fe). The Cr is identified after acidulation 
with HC^HjO, by the formation of the yellow lead chromate, using 
rb{C,H,0'!,), . " 

t). Estimation. — Chromium ia usually estimated gi-ai i metrically (/) as the 
oxide. It is brought into this form eitlier by precipitation as a h.ydroxide (6a) 
and ignijion or, in many casea, by simple ignition (4). (2) As chromate, it may 
be precipitated with barium chloride, dried and weighed aa such; or in acetic 
acid solution it may be precipitated as PbCrO, by Pb(0,HiO,),. dried and 
weighed. Volu metrically, as a chromate (if present as chromic salt it may be 
ojtidiKcd to a chromate). (.1) By titration with a Btnndard solution of ferrous 
■"aulphate. (.}) By liberation of iodine from hydriodic acid (Bp) and meaaurinp 
the amount of iodine liberated with standard sodium thiosulphate solution. 

10. Oxidatioii.^Chromoufi compounds are very strong reducing agents, 
changing HgClj to HgCl, CnSO, to Cn°, SnClj to 8n°, etc. Chromic com- 
pounds are oxidized to chromates by chlorates (Giaeomelli, L'Orosi, 189-i, 
18, 48;Storer,^m. iSf., 1869,98,190) (6/^, IfajO,, ItnOj (Marchal and Wier- 
nicfc, Z. angetp., 1S91, 511), and PbOj in acid solution; in alkaline mixture, 
by reducing PhO, to PbO, Ag,0 to Ag°, Hg^O and HjO to Kg", CuO to 
Cu,0 , KlliiO, and K^nO, to MnO, (Donath and Jeller, C. C, 1987, 161) ; 
by CI, Br, and I, forming the corresponding halide; and by H,0,* 

■The use of H,0. In alkaline solution Is proposed bj RiggefAm. S., 18M, I4S, US) In the aepA- 
ration of Al. FnandCr. 100 ec. voter, 10 cc. HiO,. and one Bram of IfiiOH are added to tbt« 

freshlr precipitated hydmililcB and digested until ftlorvcaeeace ceases. Filter off the prooli>i- 
tate of ferrlo hyaroilde, acidify the Sltrate with ncetio acid and precipitate the aluminuni wiUk 
aminonlum hrdroilde. The ohromlum If pre*aat vil'A bo In the flltrate as sodium obtoniale. 
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(Baumann, Z. angete.. 1891, 139). A chromate ie also formed when 
chromium compounds are fused with an alkali carbonate and an oxidizing 
agent (7). Chromic oxide (not ignited) or chromic chloride at 440° 
in a current of chlorine become ClOjCl, (Moissan, Bl, 1880 (2), 34, 70), 
Chromic acid and chromatea are reduced to chromic compounds by 
HjCjO, (Werner, J, C, 1888, 83, 602), K,Fe(CN), , KCNS , HjS , (lTH,)iS , 
1^823,03 , 8O1 , H3O, , etc. Of most common occurrence in qualitative 
analysis is the action of hydrosulphuric acid and alkali sulphides; at first 
sulphur is liberated, a part of which may be oxidized to sulpburoos and 
sulphuric acids (Parsons, C. N., 1878, 38 '28). 

2K,q.-,0, + 16HCI + fiH,8 = 4CrCl, + 4Z01 + 38, + HftO 

12H,CkO, + 3B, = 4Cr,0,GiO, + 680, + 12H,0 

3H,CrO, + 3SO, = Cr,(80.), + 2H.0 
While HjOj in alkaline solution oxidizes Cr"' to Cr^, in acid solution thf> 
reverse • action takes place: ZHiOrO^ + 3H,S0t + SHfi, = Cr,(80j), + 
30, + 8HjO (Bau^iann, 1. c). 



§126. Iron (Ferrum). Fe = (US.9 . Usual valence two and three. 

1. PropertleB.^Speci/lc gmvity, va lablp, depending' upon 'the purity and 
methods of preparation. 7.85 at 16° (Caron. ('. >:, IS7l>, 70, 1263), 8.139 
(Chandler-Roberts, C. N., 1875, 31, 137). Metlins/ jxiint, cast iron, 1100° to 1300°; 
steel. 1300° to 1600°; wrougrht iron, 1800° to S2IHi°. The pure metal melts at 
1^04° (Carnelley, B., 1S80, 13, 441), Pure iron is silver-white, capable of tttking 
a remarkably fine polish: it is amonpf the most ductile of metals, in this 
property being approaeLed by nickel and cobalt (!73. 1); it is the hardest of 
the ductile metals {Cahrtl and Johnion. Uingl., lho», 1B2. 129), and In tenacity 
it is only surpassed by cobalt and nickel (SISS, 1). It softens at a red heat 
antl may be welded at a while heat. Finely divided iron barns in the air when 
ignite<l; that made by reduction in hj-drogen may ignite spontaneously when 
exposed to the air. Steel for temperinff purposes contains 0.3 to 1.5 per cent of 
carbon, cast iron from 1.7 to 4.<i per cent, anti wrought iron less than 0.3 per 
cent. Pure iron is attracted by the magnet, but docs not retain its magTietiam. 
I'ermanent magnets are made of steel. Iron forms two classes of oicidea, 
hydroxides and salts: ferrous, in which the metal acts as a dyad; and lerric. In 
which the metal acts as a triad. The terroua compounds are changed to ferric 
by moist air and by oxidizinif ajrentH in general: while ferric compoundfi are 
readily reduced to ferrous compounds by very many reducing agents. Ferric 
compounds are much more stable than the corresponding ferrous compounds, 

2. OcciUTOTico,— Native iron is rarely found PKcept in meteorites. The chief 
ores of Iron are red hematite or specular iron ore (Po,0,), brown hematite 
(3Fe,0,.3H,O) , magnetic iron ore <Ec,0,), iron pyrites (FeS,), spathic iron 
ore (FaCO,), clay iron-stone (FeCO, with clay), black band (FaCO, mixed with 
bituminous matter), 

rt. Prepamtloii. — Pure iron ia not usually found in the market. It is made: 
</) by electrolysis; (2) by beating its purified salts with hydrogen; (3) by 
heating the purified salts with some form of carbon; (i) in mefallurgy iron is 
made from the ores, and the reducing agents are coal, coke, charcoal and 
natural gas. 

It first gives a deep blue solution 'pmbald/Jif par- ■ 
30, followed by the roduotlon tp ^ filiipttifc.g(lifcC.)Q IC 
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4. OxldM nnd HrdroxldM.— Perrou« oiriile, PeO , is made Irom Ve,0, by beat- 
ing it to 300° in an atmosphere of hyttrogen; also by heatinfr Fa.CO. to 160°, 
air being CKclUded. It talces Are spontaneously in the air, oxidizing to Fa,0, . 
Ferrous hydroxide, Fe(OH), , is tormed by precipitating ferrous salts ¥vitli KOH 
or NaOH , perfectly white when pure, but nsually^reen from partial oxidation. 
Ferric oxide, Vo,0, , ia formed by heating FeO , re(OH), , or any ferrous salt 
consisting of a volatile or organic acid in the air; more rapidly by heating 
Fe(OH), , F«(NO.), , or Fe,(SO,), , Ferric hydroxide is formed by precipitat- 
ing' cold dilute ferric salts with alltalia or alkali carbonates, and drying at 100°, 
If 20H or NaOH is used, the precipitate requires longer washing than when 
NH.OH is employed. By increasing the temperature and concentration of the 
solutions, the following definite compounds may be formed: FeO(OH) , 
Fe,0(OH}, , re,0^(OH), . Fe,0,(OH),, Fe,0,(OH).. Fe,0, is slowly formed 
by heating FeO or Fe,0, to a white heat. Its corresponding hydro:tide may be 
made by precipitation: FeCl, + gPaCI, -1- SNH.OH = Fe,(OH), + SNH.Cl. 
Fe,(OH). when heated to 90° forms Fe.O, . The black color and magnetic 
properties show that it is a chemical salt and not a mechanical mixture of FeO 
and Fe,0, , Fe'" acts as an acid towards the Fe"; this oxide, Fe,0, , or 
FeFe,0, , may be called ferrous ferrite. Other ferritea hare been formed, c g., 
calcium ferrite, CaFe,0,: KgFeiO. and BaF«,0, (List. B„ 18TS, 11. 1512): zinc 
ferrite. ZnF«,0, . Compare potassium aluminate, KAIO, (S124. 6a), and potaa- 
sium chromite, ECrO, <S125, 6a}. ferric acid, H,FeO, , and its anhydride, 
PeO, . have not been isolated. Potassium ferratf. E,FeO, , is made (1) by ele«- 
trolysia; (3) by heating iron-filings, FeO or Fe.O. , to a red heat with RND,; 
(3) by heating Fe(OH), with putassiuui peroxide K,0,: (i) by passing CI or Br 
into a solution of 5 parts of EOH in H parts oT water in which Fe(OH), is 
suspended; the temperature should be not above 50°. It has a purple color: is 
a; etrong oxidizing agent. It slowly decomposes on standing: 4K,FeOi + 
10H,O = 6K0H + 4Fe(0H), + 30, . With barium salts it precipitates a 
stable barium ferrate, BaF«Oi . 

5. BolubUitiw.— a.— Metal.— Itod dissolTes, in hydrochloric acid and tn dilute 
sulphuric acid, to ferrous salts, with liberation of hydrogen (a); concentrated 
cold H-BO, has no action, but ^ hot, SO, is evolved and a. ferric salt formed (b); 
in moderately dilute nitric acid, with heat, to ferric nitrate, liberating chiefly 
nitric oxide (c); in cold dilute nitric acid, forming ferrous nitrate with pro- 
duction of ammonium nitrate (d), of nitrous oxide (e), or of hydrogen f> 
(Langlois, A. Ch.. 1856, [3], 48, 503). 

(a) Pe + H.SO. = F«SO, + S, 

(6) aFe + 6H,80. = F«,(SO,), + 380, + 6H,0 

(c) Fe + 4Hir0, = Fe(H0,), -|- NO + SH,0 

(d) 4Pe + lOHNO, = 4Fe(N0.), + HH,HO, + 3H,0 

(e) 4P« + lOHNO, = 4P«(H0.), + N,0 + 5H,0 

(f) P« + 3HH0. = F«(H0,), + H, 

In dissolving the iron of commerce in hj'drochloric acid, the carbon which it 
always contains, so far as combined in the carbide of iron, will pass off in 
gaseous hydrocarbons (Campbell, Am., 1896, 18, 836). and so far as uncombined 
will remain undissolved, as graphitic carbon. The metal is attacked by moist 
air. forming chiefly 2Fe,0,.3H,0 , iron rust. When hot iron is hammered, scale 
oxide. Pfl,0,.6FeO . is formed. Cold concentrated HITO, forms paBsive Iron. 

b.— Oxidaa and hydrozldes. — Firroua oxide and hydroxide unite with acids 
with rapid increase in temperature, forming ferrous salts, always mixed with 
more or less ferric salts. The ferrous salts are much more readily prepared 
by the action of dilute acida upon the metal, or upon PeCOj or FeS. P*^., 
treated with an insufficient amount of HCl, forms FeCl, and Fe,0,; treated with 
HCl sufficient for complete solution, a mixture of FeCU and FsOl; is obtained, 
which, when treated with excess of ammonium hydroxide and dried at 100" 
again exhibits the maf^netic propertief of the original. Ferric oxide, Fft,0, , dis- 
solves in acids, quite slowly if the temperature of preparation of *he oxide hns 
been high. MitBcherlich (J. pr.. 1860, 81, 110) recommends warm digestion with, 
ten parts of a mixture of sulphuric acid and water (8-3). If the oxide be 
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heated with alkalle or alkali carbonates, it then dissolves much more readily In 
Bcids. Ferric hydroxidf, 7«(0H}, , is inaoluble in water (for a soluble colloidal 
ferric hydroxide, see Sabanejeff, O. C„ 1891, i, 11), readily soluble in acids to 
ferric salts. Freshly precipitated ferric hydroxide readily disBolves in ferric 
chloride and in chromium chloride, not in aluminum chloride. A solution of 
ferric hydroxide in ferric chloride Is soluble in water after evaporation to dry- 
uesB if not more than ten parts of 7e,0, are present to one of the VeCl, (Be- 
champ, A. C\., 1S99, (3), SO, 306) 

r.— Salts. — Ferrous salts, in crystals and in solution, have a light green 
color. Solutions of the salts have a slight acid reaction toward litmus. 
The sulphate FeS04.7H20, is efflorescent; the chloride, bromide, iodide, 
and citrate are deligvenrenl. Solutions of all ferrous salts are unstable, 
gradually changing to basic ferric salts, more or less insoluble in water. 
The carbonate, hydroxide, phosphate, borate, oxalate, cyanide, ferro- 
cyanide, ferricyanide, tartrate, and tannate are insoluble in water. 
Ferric salts in solution have a brownish-yellow color, redden litmus and 
color the skin yellow. The chloride, bromide, nitrate, and sulphate are 
diliquesctnt. The ferrocyanide, tannate, borate, phosphate, basic acetate, 
and sulphite are insoluble in water; the sulphate is soluble in alcohol 
{separation from ferrous sulphate). Ferric chloride is^ulublein ether 
satnrated with hydrochloric acid, separation from alunl^nn [Gooch and 
Havens, Am. 8., 1896, 162, 416). Solutions of ferric salts, when boiled, 
frequently precipitate a large portion of the iron as ba.*ta spj^fcepeeially 
if other soluble salts are present (Fritsche, Z. angew., 1888, 22^^Rckeriug, 
J. C, 1880, 37, 807) (§70, 5d footnote). ^ 

6. Reaotiona. a, — The alkali hydroxidea precipitat(^errotw hydroxide, 
Pe(OH)j , white if pure, but seldom obtained sufficiently free from ferric 
hydroxide to be clear white, and quickly changing, in the air, to ferroso- 
ferric hydroxide, of a dirty-green to black color, then to ferric hydroxide 
(4), of a reddish-brown color. The fixed alkalis adhere to this precipitate. 
Ammoiiiimi chloride or sulphate, sugar, and many organic acids, to a slight 
extent, dissolve the ferrous hydroxide or prevent its formation {§§116 and 
117). The soluble osrbonates precipitate, from purely ferrous solutions, 
ftrrous carbonate, FeCO, , white if pure, but soon changing, in the air, to 
the reddish-brown ferric hydroxide. 

Solutions of ferric Baits are precipitated by the alkali hydroxldei and 
carbonates as ferric hydroxide, Pe(OH)a , variable to Pe,0«.HiO~-I'eO(0&)— 
reddish-brown insoluble in excess of the reagents (distinction from alumi- 
num and chromium which are soluble in excess of the fixed alkali hy- 
droxides and from cobalt, nickel and zinc which are soluble in ammonium 
hydroxide). Salts of the fixed alkalis adhere to. this 'precipitate with great 
tenacity and the precipitate obtained from the use of the fixed alkali 
carbonates invariably contains traces of a carbonate. Freshly precipitated 
barium carbonate completely precipitates ferric salts in the cold as ferric 
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hydroxide (separation of ferric iron, with aluminum and chromium, from 
ferrous iron, cobalt, nickel, manganese, and zinc; 2FeCIi -|- SBftCO, -|- 
SHjO = 2re{0H), + SBaClj + 3C0,). The mixture should he-allowed to 
stand several hours (chromium precipitates more slowly- than aluminum 
or iron), and, sulphates must be absent, as freshly precipitated barium 
carbonate reacts with solutions of the sulphates of the fourth group; f. i/., 
mSO^ + BaCOj = HiCO, -f- BaSO^ . Tho reaction takes place most read- 
ily if the metals be present as chloridt'S. If tbo precipitate obtainci be 
treated with an excess of dilute sulphuric acid the ferric hydroxide di-:- 
BoWea, leaving the excess of barium as the insoluble sulphate, FrpsMy 
precipitated carbonates of Ca , Hg , Un , Zn , and Cu react similar to the 
barium carbonate. 

b. — Oxalic acid and soluble oxalates precipitate from solutions of ferrous 
salts, ferrous oxalate, FeC^i . yellowish-white, crystalline, sparingly soluble in 
hot water, soluble in HOI, HNO, and H,SO.: ferric salts are not precipitated 
by oxalates except as reductiou to ferrous oxalate takes place. 

The acetates, aa KaCjHjO, , form in solutions of ferric salts a dull red * 
solution of ferric acetate, Fe{CjHj05), , which upon boiling is decoui posed 
and precipitated as basic ferric acetate of variable composition (separation 
of iron and aluminum from phosphoric acid (d), chromium, and the metals 
of the fourth group). The red colored ferric acetate solution is not 
decolored by mercuric chloride (distinction from Fe(CHS),). The basic 
precipitates are soluble in HCl , HNO, and H^SO, and are transpose<l by 
alkali hydroxides. 

Tannic acid precipitates concentrated solutions of ferrous salts: ferric sails 
are precipitated as blue-black ferric tannate (iftf ba»l» of common ink), insoluble 
in water or acetic acid, very Bi)luble in excess of tannic acid. Ferric salts are 
completely precipitated by ammoniam succinate from hot solutions (Youn);. 
J. v., 1880, 37, 674). Both ferrous and ferric salts (not nitrates) slightly acid 
are completely precipitated by a solution of nitroBO B, naphtbol (sepiimlion 
from aluminum and chromium) (Knorre. B., lnK7, 20. 283; Menicke, Z. uugcir.. 
1S88, S). If the Fe'" be in excess of the PO, the phosphate will all be pre- 
cipitated. Hydrochloric acid should be absent, i.e., excess of NaC^HjO; should 
be added (Knorre, Z. angne., 1803, 267). 

Potaastum cyanide (fives with solutions of ferrous salts a yellowish- red pre- 
cipitate, which dissolves in excess of the reagent to potassium ferrocyanide, 
K.P«(CN),; with solutions of ferric salts, ferric hydroxide is precipitated with 
evolution of hydrocyanic acid (equation (a), page 150), 

Potauinm femwyanide precipitates ferrous salts as potassium ferrous 

ferrocyanide (b), K^ePe(CN)g , (Everitt's salt), bluish-white, insoluble in 

■ MecoDic add and rormlo acM forni red solutions witb ferric tnlta : benmlo aold Klves k aemb 
Oolored precipitate ; phenol, crooBote, sallirenln. and other hydroiy aromatlo derl\'Ktlve» give 
Kblueto violet color. Morpblne ^ves a blue color. The [oUowlng Is recommended asm Tery 
■atlBf Batory t«st for a trsoo at Iron In copper sulphate. Dissolve one Kram of the CnBOi In Ovo 
eo. of vKt«r, add Ave cc. of a ten per cent. > tberlal solution of salicylic scid. If tbe layer ot 
Oontaot aasuiiieB a violet oolor Iron 1b prosoot «lri«ge, Z.. 18H, 34. ifiO). 
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acids, transposed by alkalis (c). This is converted into FruBsian blue 
(see below), gradually by esposure to the air, immediately by oxidizing' 
agents (d). With ferric salts, ferric ferro cvgp'yl' {<■), T' p,(Pp(Cl!n , ) , , p.m.°- 
sia n blue, is formed, insoluble in acids, decompoacd by alkalJB (f^ . If the 
reagent be added in strong excess the precipitate is partially dissolved to 
a blue "liquid. Strong acids should not be present as they color the re- 
agent blue. In neutral solutions diluted to one in 500,000 the iron may be 
detected (Wagner, Z., 1881, 20, 350). The ferrocyanide^ are transposed 
by EOH and decomposed by fusion with HaNO;, and Na^GO,,, , the iron being 
obtained as Fe^Oj (Koningh, Z. angew., 1898, 463). ^"*'°nilli''" fgn-i- 
Cj^ide precipit ates from dilate solutions of ferrous sa lts fe rrous ferri - 
aantgg't^ ■'''C a(Fe(fiJ!i>g)t (Tu mbull's bhie),_dark blu e, insolubleip acids^ 
transposed by^lT£flfl"hyi5roxi3cn (/(): "'ith ferric fnhs no precipitate is 
obtained, but the solution is colored brown or green (t). This is a very 
important reagent for the detection of the presence of even traces of 
ferrous salts in the presence of ferric salts. As iron is so readily oxidized 
or reduced by various reagents the original solution should always be 
tested. The solutions should also be' sufficiently diluted to allow the 
detection of the precipitate of the ferrous ferricyanide in the presence tif 
the dark colored liquid due to the presence of ferric salts. If no precipi- 
tate be obtained (indicating absence of ferrous iron) a drop of stannous 
chloride or some other strong reducing agent constitutes a delicate test 
for ferric salts and reconfirms the previous absence of ferrous salts, 
Fatuaiom thiocyanate gives no rea c tion with ferro u s salts; with ferric 
salts th e blood red ferric thio cyanaie, Fe7CHSi, (so lution),* is formed (y). 
This con stitutes an exceedingly delicate test for iron in the ferri c cond i- 
t ion (the original solution ~BTiould always be tested). A ccording to Wagner 
{Z.f 1881, au, b5t)) one part of iron', as ferric salt, may be detected in 
1,600,000 parts of water. The red salt of ferric thiocyanate is freely 
soluble in water, alcohol, and ether; it is extracted by ether from uqueoiis 
aoiutioEs and thus concentrated, increasing the delicacy of the test (Natan- 
eon, A., 1864, ISO, 2«). The red color of the liquid is destroyed by 
mercuric chloride Qe), also by phosphates, borates, acetates, oxalates, tar- 
trates, racemates, malates, citrates, succinates, and the acids of these salts. 
Kitric and chloric acids give red color with potassium thiocyanate, re- 
moved by heat. 

* Tlie quBntlt^ of non-diucwiated Fc(C!iaj,. to ffhlob the doIot Udue, 1b InOTeBsed by an ei- 
ccsof eltlier of tbe products of the dlsaoclatlon. The test for IroDia therefore more dellcaM 
ItoontlderableKCBa li idded. The decoloistlon by HffCI, la due to the breaking up of the 
raiGBS), to form HcCCMH), vhlch U even lew d<sa(>c[&t«d lu v&Ver a -luUOD than HfCl,. 
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1«6 IRON, §186, 6c. 

(a) Z-eOl, + 3KCN + 3H,0 = E'e(OH), + 3EC1 + 3H0V 

(b) reSO. + S^«(ON), = K^eSe(Cir), + K,SO, 
<(i) K.f eP«(CN), + 2E0H = Pe(OH), + EJ'e(CN), 

<d) 4K^aFa<CN), + 0, + 4HC1 = Fe,(F«(Cir),), + X.F»(C1T), + 4EC1 + SBfi 

(e) 4FeCl, + 3K.Fb(C1I). z^ Pe.(Fo(CN).), + 12KC1 

</) FB.(Fe(CN),). -t- 12K0H = JP8(0H), + 3K.F»(CN), 

(17) 3FeS0. + 2K,Fe(Cir). =T'e.(re(CN).), + 3K,S0. 

(ft) re,(Fe(CN),), + 6K0H = aFeCOH), + 2K,Fe(CM), 

(0 Feci, + KJ'e(CW), — FoPeCCM'), + 3KC1 

</) FaCl, + aKCNB = Pe(CNB). + 3KC1 

(1) 2Fe(Cire), + SBgCU = .1He(CN8), + BFeCl, 

c— Nitric acid readily oxidizes all ferrous salts to ferric salts, the reac- 
tion being hastened by the aid of heat. Aa the iron is reduced to the 
ferrous condition in the precipitation of the metals of the second group 
with hydros ulphuric acid, the oxidation with nitric acid is necessary to 
insure the precipitation of all the iron as hvdroxide in the third group 
(Ca and §117). 

f^.— Hypophoaphorons acid reduces ferric salts to ferrous salts. From 
solutions of ferrous salts, alkali i^osphates, as Ka,HPOi , precipitate 
secondary ferrous phosphate, FeHFO, , mixed with the tertiary salt, 
rc,(P04)i , white to bluish white, soluble in mineral acids. By the addi- 
tion of an alkali acetate, the precipitate consists of the tertiary phosphate 
alone: 3FeS0, + ZVit^VO, + 2NaC,H,0, ^ Fe,(PO,), + '3Ha,S0. + 
SECiH^Oj . Ferric salt's are precipitated as ferric phosphate, PePO,, 
scarcely at all soluble in acetic acid, but readily soluble in hydrochloric, 
nitric and sulphuric acids.* Hence ferric salts which are not acetates 
are precipitated hv phosphoric acid with co-operation of alkali acetates: 
TeCl, + H,PO« +"3MaC,H,0, = PcPO, + 3NaCll + SHC^H.O, . If phos- 
phates of the fourth ^roup and the alkaline earths be present they are 
precipitated with the third group metals by ammonium hydroxide in the 
usual course of analysis (§148 and ff.) ; phosphates of Co, Ki, and Zll being 
redissolved by the excess of ammonium hydroxide. To prevent this gen- 
eral precipitation with the metals of the third group, when phosphates 
are present, the acid solution (after removal of the second group by hydro- 
gen sulphide and the expulsion of the gas by boiling) is treated with an 

'Equilibrium requires tbita weak acid, as phosphorla. be preaent for the noA part al the 
liOD-dlsai>clat('d molecule. ButFaPO, , asanj neutr^ salt, li dUawiBti'd, so teraBltdlMolrca 
In voter. Into its loos, as la also the Btionft hydmcblorlc acid. Brln^lus tliese tosethor will re- 
sult In the union of the il ton of the acid and the PO, Ion to non -dissociated II,I>i', . thus 
malntalDins the equlltbrlum for H,POj , but disturbing that hetween solid and diasolTsd 
PePO,, which requlresa certain concentration of PO^ ions. To restore the latter morePaPO^ 
-dlnolves. only to react with the II lonsaa beforp. and this prucoas continues untU the H tons 
of the hTdroohloric sold are reduced to such small quantity as to be In equilibrium with tlM 
PO, loa«or, if tbeHCIlslnexoesB.UDtll tbePaPO, U entirely dissolved. This prooMS takes 
place u'bene\-er a strong acid dissolves the 'a't of ■ weak one. It la analogons to the solution 
of a base In an add, formloa: noo-dlssoolated water. 
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excess of Bodiun acetate and ferric chloride is added drop by drop, until 
a red color indicates complete precipitation of the phosphate and forma- 
tion of ferric acetate. The mixture is then boiled and filtered hot. 
Evidently another portion of the solution must be tested for iron. All 
of the phosphoric acid present is thus precipitated and separated from 
the metals of the remaining groups. Care should be taken to avoid an 
excess of the ferric chloride as the ferric phosphate is somewhat soluble 
in ferric acetate solution. The alkali h7drazides transpose ferric phos- 
phate (freshly precipitated), forming ferric hydroxide and alkali ph'isphaie. 
The transposition is not complete in the cold. With fixed alkali hydroxide 
aluminum phosphate is dissolved, thus effecting a separation froni chrom- 
ium and iron. Ferric phosphate warmed with ammonium sulphide forms 
ferrous sulphide, ammonium phosphate and sulphur: 4PeP04 -\- 6(NH,),S 
= 4FeS + 4(iraj3p0, -I- Sj . 

e. — Hydrosnlphnrio aoid is without action upon ferrous salts in acid or 
neutral solutions, except a slight precipitate is formed with neutral fer- 
rous acetate. Alkali anlphidei and H^S in alkaline mixture, form ferrous 
sulphide, FeS, black, insoluble in excess of the reagent, readily soluble in 
dilute acids with evolution of hydrogen sulphide. The moist precipitate 
is slowly converted, in the air, to ferrous sulphate and finally to basic 
ferric sulphate, Pej0(80,)3 . Ferric salts are reduced to ferrous salts with 
liberation of sulphur by H,S (1), or soluble sulphides, the latter at once 
reacting to precipitate ferrous sulphide (S): 

(1) 4PeCl, + iOfi = fFeCU + 4HC1 -}- S, 
(8) 4reCl. -f- 6(MH,)^ = 4reS + 13HH,CH- S, 
After the removal of the metals of the second group by HjS , the iron 
present will always he in the ferrous condition (it will therefore be neces- 
sary to test the original solution to find the condition of the iron at the 
beginning of the analysis). The excess of HjS should be removed by 
boiling and the iron oxidized by carefully adding nitric acid drop by drop 
and boiling until the solution assumes a pale straw color (66). If this be 
done the iron will be completely precipitated in the third group by the 
ammonium hydroxide (Get). 

Ferrous mlplilte ib but little Boluble in pure water, easily Boluble in excess of 
snlpboraua add, to a colorless solution. The moist salt oxidizes rapidly on 
exposure to the air (Fordos and Gelis, J. Pltarm., 1B43, (3), 4, 3,^3). Ferric 
ttUphile is only known as a red solution formed by the action of SOa upon 
freshly precipitated re(OH), , rapidly reduced to the ferrous condition accord- 
ing- to the followfnfT equation: re,(SO,), = FeSO, + F«S,0. {Gelis. C. C, 1862, 
89£). Ferroun tMosalphate, FeS,0,, is formed, together with some FeS and FeSO,, 
by thp action of BO, upon Fe° (Fordos and Gelis, I. c). Ferric sails are reduced 
by •odium thloBulpbats to ferrous anlts in neutral solutions with formntion of 
Bodium tetrathionate: 2TtCl. + ENa^O, = SFeCl, -|- EKaCl + HaJ3.0, (Fordoa 
and nelis, C.r.. 1842. 15, 930); in acid solutions sulphuric acid and sulphur are 
formed: 4FeOI, -1- iSa^fi, + 2H,0 = 4reCl. + iSa.Cl + iiBfiO, + 8, (Men- 
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f. — Chlorides and bromides of both ferrous and ferric iron are formed 
but only ferrous iodide exists. Ferric salts are reduced to ferrous salts 
by hydriodic acid with liberation of iodine. 

g. — Soluble arsenltes anil arsonateB precipitate solutions of ferrous and ferric 
salts, forming' the corresponding' areenites and arsenates. Baeic ferric arscnite, 
4Fe,0,.As,O, + 5H,0 , is formed when an excess of ferric hydroxide is added 
to arsenous acid. It ia insoluble in acetic acid. It is formed when moist 
ferric hydroxide is ^ven as an antidote in case of arsenic poisoning (S^i <>' 
and t'e; D., 3, 352). 

A, Ferrous salts are rapidly oxidized to ferric salts by solutions of chro- 
mates, the chromium being reduced to the triad condition (!) and 10). 
With ferric salts potassium chromate forms a reddish-brown precipitate. 

i. — Zinc oxide precipitates sdliitions of Fe"' , Al , Cr"' and CO completely and 
Ph partially, effectinR a serration of these metals from Un , Co and Ml 
(Memeke, Z. angeic., 1888, 258^.- ' 

7. X^ltton. — The larger-.nutaber of Iron Baits are decomposed, as solids, by 
heat; FeCli vaporizes partly decomposed, at a very little above 100°. Igni- 
tion in the air changes 'ferrous compounds, and ipiition on charcoal or by 
reducing" flame changes ferric compotmds to the magnetic oxide, whirh is 
attracted to the magnet. Ferrous oxalate ignited in absence of air gives EeO . 
Ferric oxide ignited in a current of hydrogen gives FSiO, from 330° to 440°, FeO 
from 500" to 600°, and Fe" above 600° (Moissan, A. Ch., 1880, (5), 21, 199). 

fn the outer flame, .the borax bead, when moderately saturated with any 
compound of iron,, acquires a reddish color while hot, fading and becoming 
light yellow when cold, or colorless, if feebly saturated. The same bead, held 
persistently in Ihe reducing flame, becomes colorless unless strongly saturated, 
when it shows the pale grtPn color of ferrous compounds. The reactions with 
mitroeosmic salt are leas distinct, but similar. Cobalt, nickel, chromium and 
copper conceal the reaction of iron in the bead. 

Ferric compounds, healed briefly in a blue borax bead holding a very little 
COpric oxide, leave the bead blue; ferrous compounds so treated change tbe 
blue bead to red — the color of cuprous oxide. 

8. Deteotloa. — After removal of the first two groups the iron (now in 
the ferrous condition) is oxidized by HNO, and then precipitated in -pres- 
ence of NH,C1 with Al and Cr"' by an excess of NH.OH . The Al is re- 
moved by boiling with excess of KOH . If more than traces of Fe be 
present it is detected in presence of the Cr(OH)i, by dissoMng in HCl 
and obtaining the blood-red solution with ECNS . In case Cr be present 
in great excess the Cr(OH),, and Fe(OH)j are fused on a platinum foil with 
lfa;CO, and KKO, , oxidizing the Cr to a chramatc soluble in water. After 
filtering, the precipitate of FCjO, is dissolved in HCl and tested with KCKS. 
The original solution must be tested to determine whether the iron was 
present in the ferrous or ferric condition. A portion of the origina l 
solution acidified,.mth HCl gives blood red "color wttlTXClIff if Pe ■' is 
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presept, do color for the W. Another portion ^ves a blue precipitate 
with KjPe^ull), li Fe" is preeent, o nly a brown or green col or for the 

§^7r^ -^ 



9. Estbnatioii. — (J) After oxidation to Fe"', If necessary, it is precipitated 
with NH.OH , dried, ignited to a dull-red heat and weighed as P^Oi . (2) By 
precipitation witli uitroso-yJ-naphthol in slightly acid aolution <Knorre, B., 1887, 
20, 383). Volumetrically : (S) As ferrous iron, by titration with a standard 
Bolution of KMuO,: lOFeSO, + SEHnO, + 8HfO, = 5Fb,(S0,), + K,SO, + 
ZHuSO, + BH,0 . (i) By titration ivith a standard solution of K,Cr,0, , usin^ 
a solution of EJe(CN), as an external indicator: ereSd + X,Cr.O', + "-MjaO. = 
3Ps,(B0.), + K,BO, + Cr,(SO.), + 7H,0 , (5) Aa ferric iron, by titration with 
a standard solution of Na^iO, , usin^ KCNB as an indicator: SFoCl, + SNa^O, 
= SFeCl, + Na^.O, + ZNaCl . A fen drops of a solution of CuSO, are added, 
which seems to hasten the reaction and gives more accurate results; or use 
excess of the Va^O, and titrate back with standard iodine (Crafts, J. C, 1873, 
Be, 1162). (S) The iron as ferric salt is treated with an excess of a standard 
SnCl, solution, the excess of the BnCl, being determined by a standard solution 
of iodine in potassium iodide: SFeCl, + SnCl, = aFeCl, + SnCl, . (7) Potas- 
sium iodide is added to the nearly neutral ferric chloride; the flask is stoppered 
and wanned to 40°. The iodine set free is titrated by standard Ka^O, 
(very accurate for small amounts of iron). (S) When present in traces It la 
determined colori metrically as Fe(CHS), in etherial solution (Lunge, Z. angew,, 
1894, 669). 

10. Oxidation. — Metallic iron precipitates the free metals from eola- 
tions of An , Pt , Ag , Hg , Bi , ami Cn (separation from Cd). 

Solutions of Pe" are changed to Fe'" solutions by treating with solutions 
of An, Ag, Cr", Hn™, Mn", and HjOi- In presence of some dilute 
acid, such as HjSO, or H^PO, by PbO, , Pb.O, , MUjOj , HeO, , ICUiO, , 
Cb.Oj, , Ni,0, . The following acids also oxidize Fe" to Pe'", HKOj , HNO, , 
HCIO , HCIO, , HCIO, , H;SO^ (if concentrated and hot), HBpO , HBrO, 
HIO, , also Rr , CI . Br and CI in presence of KOH changes Pe" and Pe'"' 
to EjPeOj . Barium ferrate is the most stable of the ferrates; they are 
strong oxidizers, acting upon nitrites, tartrates, glycerol, alcohol, ether, 
ammonia, etc. (Eosell, J. Am. Soc, ISfl.'t, 17, 760). 

Fc'" is reduced to Pe" by solutions of Sn", Cu', H,POi , H5PO1 , H,S , 
H,SO, , Na^S^Oj , and HI . Also by nascent hydrogen, or by any of the 
metals which produce hydrogen when treated with acids, including Pb , 
As, Sb, Sn, Bi, Cu •, Cd, Fe, Al, Co, Ni, Zn, and 1^ t- 

• CaroejTle, J. C, MSB, SB, US. t Warren, C. S.. ISW, CO, 18T. 
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§187. Table fob Analysis os the Ibon ob Thibd Gbottp (FluMplutct 
and OzfOates being abtent). See §312. 

To the clear flitrat* from the Second <]TOup, in which H,S will eauae no pre- 
cipitate (980), and freed from H,S by bolllllg', add a few drops of intrt« 
Acdd and bofi an ioEtant (to oxidize ferroEum*). Immediately add 
Ajnmoniiun Chloride (S134, 5t>: S1S9. Sb) and an excess (9I3fi, M) ot 
Ammonium Hydroxide (E116). If there is a precipitate, filter and ^Bh. 
Precipitate: Al(OH), , Cr(OH), , Fe(OS), . 
, Pierce the point of the filter, and with a little water wash the precipitate 

' into a casserole or evaporating' dish; add a few drops of Potawiitun or 
Sodlom HT-droxide and boil for several minutes. If a residue remains, filter 
and wash. 



BMldue: Cr(OH). , Pe(OB:), . 

Fuse a portion of the residue on a platinum foil 
with potassium nitrate and sodium carbonate, 
cool, digest in warm water and filter (9125, 7)- 



Dissolve the residue in 
HCl aod teat for iron 
with potassium thio- 
cyanate (S120, 6b). 

If the residue after re- 
moval of the aluminum 
does not Indicate an ex- 
cess of Cr by ita ffreen 
color, it may Ije dis- 
solved in HCl and test- 
ed for the blood- red 
color with KCN8. 

Iron being* found, to de- 
termine whether it is 
ferric or ferrous, or 
botht. in the original 
Bolntton, teat the latter. 
after acidulatinff with 
hydrochloric ncid, "with 
KCNB for ferrlcum, 
and with K^o(CS). for 
lerroHum {S186, 66). 



Solution: ITa,(M>.,/U^ 
K,CtO. (Ha,CO.) Vy 

Acidify with HCAO, and 
precipitate the chro- 
mium as lead chroma te 
(yellow) with a solu- 
tion of lead acetate 
(SB7, 6h). 

If the origfinal solution 
contains a chromate it 
will be yellow (normal 

chromate), or red (acid 
chromate), 



(five the relictions for 
chromates with 
Pb(C^,0,)., BaCl,. 
etc. (il2B. 6h). If the 
chromium is present aa 
achromicaalt.Cr,(SO,)„ 
the solution will have 
a green or bluish-green 
color and will give the 
general reactions aa de- 
scribed at !12S, e. 

Chromates should be res- 
duced by boiling- with 
HCl and C,H,OH lie- 
fore proceeding with 
the regTilar course of 
analysis (S135. ef). 



Solution: EAIO,. . 

Make the solution slight- 
ly acid with hydro- ] 
chloric acid, and then 
add ammanlnm oar- . 
bonate. A precipitate ' 
is Al(OH). . 

The same result is ob- 
tained with nearly . 
equal certainty by ad d- | 
Ing an excess of ITH^ 
to the alkaline Bolution I 
(S134, Ss; gi30). 

Iicad and antimony give 
similar results if 
(through careteasness) 
they have not been 
removed (S181, 6). 



Study use, S188, fl89, Study SlSe. S128, HOB. Study 8136, SIM^SJ^- 
(ISO and ilSl. S130, (131. (151. g. and (12*. 6. 

• Tn the fllttate from tha Bauad Oroap iron li aooessarilr in th« femnu oondltloDdM fcl. 
t FarrooB salts, which have boon kept to the air, are never whoUy tna from ferrlo oompouodj. 
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DiBECTIONS FOB THB AnALTSIS OF THE MeTALS OF THE ThIBD QsonP. 

§188. Manipnlation. — Boil the filtrate from the second group (§80) to 
eipel the H,8 and then oxidize any ferrous iron that may be present by 
the addition of a few drops of HKO,, continuing the boiling to a clear 
straw-colored solution (§126, 6c) : 

3FeS0« + 4H1T0. = Fe,(SO.), + Pb(HO,). + ITO + 2H,0 
Add to the solution about one-half its volume of "SKJSi (56, §§134 and 
189) and warm and then add NH,OH in a decided escess (§136, 6a); 
KSCI, + NHiCl -t- NH.Oa = NH.H^. + HH.OB 
Fa,(SO.). + 6NH,0H = 2Fa(0H), + 3(NH.),S0. 
ZnSO. -I- 4KrH,0H = (NHO^O. + (NH.)^. -f- aH:;0 
Heat nearly to boiling for a moment, filter, and wash with hot water. 
Notice that the filtrate has a strong odor of ammonium hydroxide and 
set aside to be tested for the metals of the succeeding groups (§138). 

J189. Wo(M,— (i) If the H,S is not all expelled, it becomes oxidized by the 
HNO, with depoaition of a milky precipitate o f BU lphur (S267. 6B), which 
tends to obscure the reactions following; 6H,S -|- 4HNO, ■= 3S, -|- 4N0 + BH,0. 
Also any HgS not decomposed by the HNO, would cause a precipitate of the 
sulphides of the fourth group upon the addition of the NH,OH: H,S 4- HiCl, + 
allH,OH = HIS + SNa,CI -H 2H,0 . , 

<2) Any iron that may have been present in the original solution in the 
ferric condition is reduced to the ferrous condition by the H,8 <gl2e, 6e): 
4F«C1, + 2H,S = 4roCl, -(- S, + 4HC1 . The ferrous hydroxide is not com- 
pletely insoluble in the ammonium salts present (S117), and hence unless the 
oxidation wiUi the HNO, be complete, some of the iron will be found in the 
next group. 

(J) If considerable iron be present the solution becomes nearly black upon 
addition of nitric acid, due to the combination of the nitric oxide with the 
ferrous iron (S241, 8a). Therefore the boiling, and addition of HNO, , a drop 
or two at a time, must be continued until the solution assumes a bright straw 

(.f) If nitric acid be added in excess therp is danger that Un will be oxid- 
ized to (he triad or tetrad condition then it is precipitated with iron in the 
third group (S134, 6n). The careful addition of the nitric acid (avoiding an 
excess) prevents this oxidation of the manganese. 

(5) Ammonium hydroxide precipitates a portion of Mn (S134, 6a) and He 
({189, 6(1). but these hydroxides are soluble in NH.Cl (5c, 9il34 and 189); 
hence if that reag-ent be addpd in excess the Mn (J134, 6a) and Mg are not at 
all precipitated by the irH,OE: 

2MnCl, -f 3irH.0H = irn(OH), -(- (WH.),Mnei. 
]En(OH), -t- 4NH.C1 = (KH,),lInCl« + SNH.OH 
21IgCI, -I- aUH^OH = llfe(OH), -I- KH.MgCl, -t- WH.Cl 
ll^(OH), + 31IH,CI = NH.lIgCl, -1- 2NH.0H 
(fi) Ammonium chloride lessens the solubility of Al(OH), in the NR.OH 
solation and effects an almost quantitative precipitation of that metal (9117), 
(7) NH.OH precipitates solutions of Co, Nl and Zn , but these precipitates 
are readily soluble in an excess of the NH.OH (Slid)- To insure the presence 
of an excess of NH.OH -the odor should be noted after shaking the test tube 
and after the solution has been heated. 

(S) The precipitates of the hj'droxides of Al , Cr and Fe'" filter much more 
rapidly If the precipitation takes place from a hot solution (tl84, 4 and 6a). 

■■■■■- - ■ o" 
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(9) In the presence of chromium the ftltrate from the third group ie ueually 
of a alig'ht violet color, due to the aolutioD of a trace of chromium hydroxide 
in the KH.OH (E125, 6n). Boiling the solution to remove excess of ammania 
prevents thie. 

(10) A small portion of the filtrate of the second group after the removal of 
the H,S by boiling' should be tested for the presence of phosphates by am- 
tnonium molybdate (STS, 6d). If phosphates are found to tie present, the 
method of analysis of the Gucceediiig' groups must be considerably modified. 
These mod iii cations are fully discussed under iHS to S163. 

§130. Manipnlation. — The well waBhed precipitates of Al , Cr , and Fe'" 
hydroxides are transferred to a small casserole or evaporating dish by 
piercing the point of the filter and washing the precipitate from the filter 
with as small an amount of water as possible; and then boiled for a 
minute or two with an excess of NaOH : 

Al(OH), + NaOH = NaAlO, + 2H,0 

Cr(Oa). + HaOH = NaOrO, + SH.O (in the cold) 

NaOrO, + aH.O = Cr(OH). + HaOH (upon boiling) 

The alkaline liquid is filtered (§131, 1) (the filtrate is reserved 
to be tested for aluminum), and the remaining precipitate fused on a 
platinum foil with a mixture of equal parts of KKO, and NafCO,: 3CT(0H)a 
+ 2KH0j + Ka,CO. = K,CrO« + Na,CrO. + 2N0 + CO, + 3H,0 
(§125, 7). The fused mass is then dissolved in water, filtered, rendered 
acid with acetic acid and tested for chromium with Pb{C2H,0j);, a yellow 
precipitate at this point being sufficient evidence of the presence of 
chromium: NajCrO, + K^CrO, + SPbiC^HjOa), = SPbCrO, + 2KBC,HaOj 
+ 2KC,H,0, (§57, GA). 

The residue of the fused mass not soluble in water should be washed 
with hot water and then dissolved in HCl : Pe-O, + 6HC1 — 2FeCl, + 
3H,0 , and tested for iron with KCNS : PeClj + 3KCNS — re(CHS)s + 
3KCI. 

If iron has been found to be present, the original solution acidulated 
with HCl (or a few drops of the filtrate from the first group) should be 
tested with KCNS for the presence of ferric iron (§126, Cfe) and with 
KjFe(CN)B for the dark blue precipitate of Fej(Fe{CN),)j indicating the 
presence of ferrous iron (§126, 66): 3FeS0, + 8KjFe(CN), = Fe,(Fe(CH'),), 
+ 3K,80. . 

The alkaline filtrate obtained after boiling the precipitated hydrox- 
ides with NaOH , is slightly acidulated with HCl : KAIO, + 4HC1 = 
AICI, + KCl + 2H,0 , and then precipitated with (NHJ,CO, , a white 
gelatinous precipitate being evidence of the presence of aluminum: 
SAlClj + 3(NH.),C0, + 3H,0 = 2A1(0H), + 6NH,C1 + 3C0» . Or an 
excess of NH^Cl may be added directly to the alkaline filtrate, giving the 
white gelatinous precipitate of aluminum oxide-hydroxide: 2HA10, + 



2NH,C1 + H,0 = Al,0(OH). + SKCl + 2NH, (§124, 6a). 
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}131. Xoteg.—il) Chromium hydroxide when precipitated from solutione of 
pure chromic tolts by NrOH is r^adil; soluble in an excess of the cold reagent 
($125, 6a): but in presence of utnmoniuni salts or of ferric hydroxide the 
chromium hydroxide is not completely soluble in a cold solution of the fixed 
alkali. This prevents the use of the cold fixed alkali ae a means of separatlOD 
of Cr and Al from F«"' . The student is therefore directed to boil the mixture 
of these three hydroxides with NaOH , thus precipitating the whole of the 
chromium and effectinp a quantitative separation of Cr and Fo'" from Al . If 
the alkaline liquid is too concentrated to filter, it must be diluted with water, 

(^) Unless the precipitate of the hydroxides is a very dark green, due to 
the presence of a large amount of chromium, a portion of the precipitate should 
be dissolved in HCl and tested with ECN8 for the presence of Iron. The 
presence of a moderate amount of cliromium does not interfere. 

(3) In the absence of chromium the presence of more than traces of iron 
gives a brown color to the ammonium hydroxide precipitate (S1S6, 6a), alu- 
minum hydroxide being a white gelatinous precipitate. 

(i) It the fused mass has a green color, manganese (S134, 7) is evidently 
present In large quantities and was not completely separated by the IfBiCl 
and NS,OH (S134, 6o). By dissolving the fused niass in water and carefully 
wanning with HCl. the manganofe, E.HnO, , may be reduced (a) (1134, 5c} 
without effecting a, reduction of the chromate. which may be precipitated as 
BaCrO, by BaCI, after neutralization with KH,OH . Or the fused mass may 
be warmed with hydrochloric acid and alcohol, effecting complete reduction (b), 
and this solution again precipitated with NB,OH , which will prevent more 
than traces of the manganese from being precipitated with the third group 
hydroxideB. If again upon fusion vvith KNO, and K,COi a green mass is 
obtained, the operation should be repeated: 

(a> E,UiiO. + 8HC1 = HnCl, + 2SC1 + 3C1, + *S,0 

(6) 3K,CrO. + lOHCl + 30,H,0 = SCrCl, + -IKCI + 3C,H,0 + 8H,0 

(J) The presence of chromium as chromic salts is usually indicated l)y the \ 
green or bluish-green color of the original solution. Chromium as chromntes — 
(red or yellow) should be reduced to chromic salts by boiling with HCl and 
C,HiO before proceeding with the regular group separations (S125, 6e and /). 
H,S will effect this reduction but gives also a precipitate of sulphur which 
should be avoided when convenient fo do so: sK.Cr.O, + 16HC1 + 6H:S = 
4CrCl, + 4KC1 -I- 3S, + HH,0 . 

(S) Too much stress cannot be laid upon the neccKsity for removing all the 
metals of one group before testing the filtrate for the metals of the next 
Kucceeding group. If throtigh lack of siiflicient H,S or too much HCl , lend or 
antimony are not completely removed in the second group, they will give all 
the reactions for aluminum (EST, Off, and STO, Rii); hence as a safeguard It is 
advised to test the white precipitate, indicating aluminum, with H,S . A 
black or orange precipitate is evidence of unsatisfactory work and the student 
should repeat his analysis. 

(7) The presence of a tracK of white precipitate in the final test for aluminum 
may be due to the presence of that metal in the fixed alkali (S124, 6n, footnote), 
or it may be caused by the use of too concentrated fixed alkali, which may 
dissolve silica from the glass of the test tubes or remove it from the filter 
paper (g248, 3). 



The Zinc Gbodp (Fouhth Ghottp). 

Cobalt, Kiokel, Manganoe, and Zinc. 

§132. Cobalt. Co — 59.00 . TTaual valence two and three. 



—Specific grarily, powder from the oxide reduced by hydrogen, 
mean of five samples, 8.957 (Rammelsberg. Pogg., 1849, 78, 9-'i): melting point, 
ISOO" (PIctet. C. T., 1879, 88. 1317). Cobalt is similar to iron In appearance, \a\,^ 
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harder than F« or HI . It la malleable, very ductile ajid moat tenacloua of any 
metoli the wire bejng about twlc« bb strong as iron wire (Deville, A. CK, 1856, 
(3), 46, 20S). The fine powder oxidizes in the air quite rapidly and may even 
take fire epontaneously; in a compact ntaaB it Ib but little tamiBhed in maiat air. 
At a white heat it buma rapidly to CoaO. . It is attracted by the magnet and 
can be made magnetic, retaining (unlike steel) its magnetism at a white heat, 

2. Occnrr«aiee. — Cobalt does .not occur in a free state, except in meteoric 
iron. It is found in linnaeite (Co,S,); skutterudite (CoAa,); speisa cobalt 
(CoNiFaAa,); glance cobalt (CoPeAsB,); wad (Co.MnO.SMnO, + 4H,0); etc. 

3. Preparation. —(/) By electrolysis of the chloride. (2) By heating with 
potassium or sodium. (S) By heating any of the oxides, hydroxides or the 
chloride io hydrogen gas. (i) By fusion of the oxalate under powdered glass. 
(S) .^Iso reduced by carbon in various ways. 

4. Oxides and Hydroxldea. — Cobaltoue osMf, CoO , Is made (I) by heating 
any of its oxidea or hydroxides in hydrc^en to (not above) ,'i50°; (2) by ignition 
of Co(OH), or CoCO, , air tieing excluder!: (S) by beating Co,0. to redness in 
a atream of 00, (Russell, J. C, 1863, 18, 51); (i) by heating any of the higher 
oxides to a white heat (Moissan, A. Ch., IRSO, (5), 21. 242). Cobaltovi kydnuidt 
!b made from cobaltous salts by precipitation with fixed alkalis; oxidizes if 
exposed to the air ffia). The most stable oxide is the eoltaltogo-cabaltie (Co,0,) 
trieobalt telroride; it is made by heating any of the oxides or hydroxides, the 
carbonate, oxalate or nitrate to a dull-red heat in the air or in oxvgen gas. 
Several oxide-hydroxides are known, e.g., COjO,(OH)., Oo,0(OH)., Co.O,(OH),. 
CobaltK' oxidf, Co,0, , is made by heating the nitrate just hot enough for de- 
composition, but not hot enougli to form Co,0, . Calialtic hydroxide. Co(OH), . 
Is made by treating any cobaltous salt with CI , HCIO , Br or I in presence of 
a fixed alkali or alkali cartionate. It dissolves in HCl with evolution of chlo- 
rine, in H,SO, with evolution of oxygen, forming a cobaltous salt. CoO, has 
not yet been Isolated, but McConnell ond Hanes (J. C, 1S97, 71, 584) have 
shown that it exiata as H,CtiO, and in certain cobaltites. 

5. BolnbllltleB a. — Metal. — Slowly soluble on warming in dilute HCl or 

H,SOj , more rapidly in HHO, , not oxidized on exposure to the air or when 
heated in contact with alkalis. Like iron, it mav exist in a passive form 
(Nickles. J. pr., 1854, 61, 168; St. Edrae, C. r.. 1R89. 109, 304). With the halogens 
it forms cobaltous compounds (Hartley, J. C. 1874, 87, 501), b.—Oridrs and 
Jkj/rfroridCB.— Cobaltous oxide (gray-green) and hydroxide (rose-red) are in- 
soluble in wnter; soluble in acids. In ammonium hydroxide, and in concentrated 
■Bolutions of the fixed alkalis when heated (Zimmerman, A., 1886, 232. 3Zi): 
the various higher oxides and hydroxides are insoluble In ammonium hydroxide 
or chloride (separation from nickeloua hydroxide after treating with iodine 
in alkaline mixture) (Donath, Z., 1881. 20", 386), and are decomposed by acids, 
evolving oxygen with non-reducing acids, or a halogen from the halogen acids, 
and forming cobaltous salts. Co,0, is said to be soluble in acids with great diffi- 
culty (Gibbs and Geuth, Am. S.. 1857, (2), 23, 257). c.—Rn)(*.— Cob nit forms t»n 
claasea of salts: cotmJtout. derived from CoO, and cnbaltW, from Co,0, . The 
latter salts are quite unstable, decomposing in most cases at ordinary tem- 
peraturea, forming cobaltous salts. The cobaltoua salts show a remarkoble 
variation of color. The crj'stallized salts with their water of crystallization 
are pink: the anhydrous salts are lilnc-hlue. In dilute aolution the salts arc 
pink, but most of"them are blue when concentrated or in presence of strong 
ncia. A dilute solution of the chloride npreads colorless upon white papfr. 
turning blue upon heating and colorless again upon cooling, need as " synipa- 
thetic ink." 

CobaltouH nitrate and acetate are iJfllqiieiicfnl; chloride, hygroscopic: sulphate, 
efflorescent. The chloride vaporizes, undecompoaed, at a high temperature. 

The carbonate, sulphide, phosphate, borate, oxalate, cyanide, ferrocyanide 
and ferricyanidr are inxiihihle in water. The pot nssium-cobal tons oxide is in- 
Koluble: the ammonio-ci)bBltous oside. nnd the double cyanides of cobalt and the 
alkiili metals, soluble in water. .Mcohol dissolves the chloride and nitrafi': 
ether dissolvea the chloride, cparinerlv. more so if the ether be saturated nilh 
HCl gaa (separation from Hi) (Pineriin. C. r.. !807, 184, 862). Most of Ihe 
salts insoluble in water form soluble compounds with ammonium hydroxit'e. 
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6. Beactions. a, — The fixed alkali hydroxideH precipitate, from sola- 

tioDS of cobaltouB salts, blue hasic sails, which absorb oxygen from the air 
and turn olive green, as eobaltoao-cobaltic'hydroxide; or if boiled before 
oxidation in the air, become roso-red, as cnbalious hydroxide, Co(OH)j . 
The cobaltouB hydroxide is not soluble in excess of the reagent, but is 
somewhat soluble in a hot concentrated solution of KOH (distinction from 
Si) (Reichel, Z., 1880, 19, 468). Freshly precipitated Fb(OH), , Zii(OH)^ , 
and H|[0 precipitate Co(0H)2 from solutions of cobaltous salts at 100°. 
Ammonium hydroxide causes the same precipitate as the fi.xed alkalis; 
incomplete, even at first, because of the ammonium salt formed in the 
reaction, and soluble in excess of the reagent to a solution which turns 
brown in the air by combination with oxygen, and is not precipitated by 
potassium hydroxide. The reaction of the precipitate with ammonium 
salts forms soluble double salts (as with magnesium); the reaction of the 
precipitate with ammonium hydroxide produces, in different conditions, 
different soluble compounds noted for their bright colors, as (HH,),CoCl, , 
(MH,),CoCl, , (lTH,),CoCl, , etc. 

Alkali oarbonatea precipitate cobaltous basic-carbonate, COg0,(C0,)3 , 
peach-red, which when boiled loses carbonic anhydride and acquires a 
riolet, or, if the reagent be in excess, a blue color. The precipitate is 
Boluble in ammonium carbonate and very slightly soluble in fixed alkali 
carbonates. Carbooatei of Ba , Sr , Ca , or Mg do not precipitate cobaltous 
chloride or nitrate in the cold (separation from Fe"', Al , and Cp"'), but 
by prolonged boiling they precipitate them completely. However, if a 
solution of a cobaltous salt be treated with chlorine, a cobaltic salt is 
formed (5a), which is precipitated in the cold on digestion with BaCO, 
(distinction from Ni). 



Alkali cyanidefl — as KCN — precipitate the brownish -white cobaltous 
cyanide, Co(C]T)2 , soluble in hydrochloric acid, not in acetic or in hydro- 
cyanic acid, soluble in excess of the reagent, as double cyanides of cobalt 
and alkali metals — (KCir)2Co(CN)2 — potassium cobaltous cyanide, the solu- 
tion having a brown color: CoCl, + 2KCN = Co(CII)i + 3KC1 . Then 
Co(CK)i + 2KCH = (KCN)iCo(Cir)a . Dilute acids, without digestion, 
reprecipitate cobaltous cyanide from this solution (the same as with Ki): 
(KCK),Co(CN), + 2HC1 = CoCCH)^ + 2HCH + 2KCa . But if the solu- 
fion, with excess of the alkali cyanide and with a drop or two of hydro- 
chloric acid,* insuring free HCK , be now digested hot for some time, the 

* Moora IC N^ IBS!, 6«, S) adtla g-lHcial phoBphorlc acid to the noutrtil solutions of cobalt and 
nickel, untH the preolplt&te flrst formed begins to tedlBsolie ; then he adde KCR and (ylJa, 
contlnuliwtheboItlnKandaddiilonof KCIT until KOH falii to glra a p tec Inflate. He then . 
varms vlth excen of bromine In presenile of KOH, whereupon the nielipl is completely pf4^ IC 
cipltated lesvlns tbe oobalt In solution. Beealso Hambly IC. IV.. 1892, «l>,S«ej. O 
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cobaltous cyanide ie oxidized and converted into allcaU aAalticyanide—a 
K,Co(CH), — corresponding to ferricyanides, but having no corresponding 
nickel compound : 

40o(CSr), + 4HCir + O, = 4Cii(C1T}, (cobaUic cyanide) + 2H,0 
Co(CIT), + 3KCTI = K,Co(CK'). (potassium t^obalticjanide). 
In the latter solution acids cause no precipitate {important distinction from 
virkel, whose Bolutton remains (KCS)jSi(CN)j , and after digestion as 
above ia precipitated with acids). The potaBBium cobalt icyanide solution, 
aTter removal of the Hi , may be precipitated with HglTO, (Gibba, J. C, 
1874, 27, 92). The oxidation of the cobalt raaj* be hastened by the pres- 
ence of chromic acid, which is reduced to trivalent chromium compound: 
€Co(CN), + 24KCir + 2CrO, + 3H,0 = 6K,Co(CN), + Cr,0, + 6K0H 
(McCulloch, C. N., 1889, 59, 51). 

TvrrocTUildM, as E,Fa(CN), , precipitate eobattoM ftrroeyanide, Co,F«(CN), , 
gray-green, insoluble in acids. Ferricyanides, as E,Fs((JN), , precipitate ooboll- 
«u« ffrricgani^, Co,(Fe(CN),), , brownish-red, insoluble in acids. But a more 
•JiMiuctive test is made by adding- ammmtium ehloridf and hyAroridf, witb tb( 
lerrieynnide, when a blood-red, color is obtained, in evidence ol cobalt (distiDc- 
tion from nickel). Patasslum xBntbate forma a ^reen precipitate in neutral or 
slightly acid solutions of cobalt salts (£133, 6bf. 

UitroBO-^-uaphthol completely precipitates solutions of Cn , "Ft, and Co ; 
Ag , Sn , and Bi salts are partially precipitated ; and Fb , ^ , Ab , Sb , Cd , 
Al , Cr , Kn , Ni , Zn , Ca , Ug , and fll remain in solution {Burgii^:', Z. 
^ngev., 18!)C, SOU). In analysis for the separation of cobalt and nirkel it is 
recommended to proceed as follows : The metals preferably as sulphates "r , 
chlorides are acidulated with hydrochloric acid and treated with a hi^t | 
solution of nitroso-,?-naphthol in 50 per cent acetic acid, until the whulo 
of the cobalt is precipitated. The brick-red precipitate is then washed wilh 
cold HCl, then with hot 12 per cent HCl, and finally with water. Th- 
aeparation is quantitative. The precipitate may be ignited in air to the 
oxide or with oxalic acid in an atmosphere of hydrogen and weighed as 
the metal. For qualitative purposes the cobalt in the precipitate may be 
identified by the color of the borax bead (7). The nickel in the filtrate 
may be precipitated by hydrosulphuric acid and identified by the usual | 
testa (Enorre, B., 1887, 20, 283 and Z. angew., 1893, 2C4). 

c. — Fotasiinm nitrite forms with both cobaltous and nicketous salts the 
double nitrites, Co (N0i)j.SKK0j and Hi{N0,)j.2KN0j , soluble. The nickel i 
compound is very stable, but if the cobalt compound, strongly acidulated 
with acetic acid, be wanned and allowed to stand for some time, preferaTily 
twenty-four hours; the cobalt is completely precipitated as the yellow ■ 
crystalline potassium cobaltic nitrite, Co(N0,)3.3EiT0, (separation from 
iri): CoCl, + r>KSO, + HC,H,Oj + HHO, = Co(HOj),.3KffO, + 2XC1 -r I 
KC,HsO, + H,0 + KO . 



d.—FliospluiteB, as NatHFO, , precipitate cobaltoua aalts as the reddiel) 
tobaltout phoaphatf, CoHFO, , solulile in acida and in ammoDiiim hydroxide. 
Sodium pyrophoBphate forms a gelatinous precipitate with solutione of cobalt 
raits, soluble in excess of the reagent. The addition of acetic acid causes a 
precipitation of the cobalt even in the presence of tartrates (separation from 
Hi, but not from Un or Te) (Vortmann, B., 1883, 21. 110:t). If a solution of 
cobaltous salt b« treated with a saturated solution of ammonium phosphate 
and hydrochloric acid, and when hot treated with an excess of ammoninm 
hydroxide, a bluish precipitate of CoNH,FO, will appear on stirring (separa- 
tion from nlokel •) (Clark, C. N., 1883, 48, 362; Hope, J. Soc. Ind.. 1890, 9, 375). 

(. — Hydrosulplinrio aoid, with normal cobaltous salts, gradually and 
imperfectly precipitates the hlack cobalt sulphide, Co8 ; from cobalt acetate, 
the precipitation is more prompt, and is complete; but in presence of 
mineral acids, as in the second group precipitation, no precipitate ia made. 
Immediate precipitation takes place with hydrosulphuric acid acting upon 
solutioiiB of cobaltous salts in ammonium hydroxide. When formed, the 
precipitate is scarcely at all soluble in dilute hydrochloric acid or in acetic 
acid; slowly soluble in moderately concentrated hydrochloric acid; readily 
Bojuble in nitric acid; and most easily in nitrohydrochloric acid. By 
exposure to the air, the recent cobaltoua sulphide is gradually oxidized to 
cobalt sulphate, soluble, as occurs with iron sulphide (§126, 6e). Alkali 
inlphldes precipitate immediately and perfectly the black cobaltoua sul- 
phide, described above, insoluble in excess of the reagent. WJien cobaltous 
iialts are boiled with sodinm thiosnlphate a portion of the cobalt is precipi- 
tated as the black sulphide. 

f.^-The higher oxides of cobalt and cobnlfic salts are reduced by warming 
ivith halogen acids, liberating the corresponding halogens (HCl does not reduce 
the cobalt in K,Co(CH),). 

g. — Soluble arsenitM and aTsenateB precipitate cobaltous salts, forming the 
eorresponding cobalt arsealtti or arsfnutfs. bluish-white, soluble in ammonium 
hydroxide or in acids, Including arsenic acid. ft. — Soluble cttromates precipi- 
tate mlialtoua chmmate, yellowish-brown, soluble in ammonium hydroxide and 
In acids, Including chromic acid. No precipitate is formed with potassiuni 
dichromate. (. — KJfnO, added to an ammonincal solution of cobaltous salts 
oxidizes the cobalt and prevents its precipitation by SOS (separation from 
HI) (Delvaux. C. r.. 1881, 92, 723). 

/.—Cobaltous salts in ammoniacal solution, warmed with H,0, and then 
rendered acid with acetic acid, are precipitated by ammonium molybdatc 
(spparation from Nf) (Carnot, C. r., 1889, 109, 109). 

7. Ignition, — In the bead of borax, and in that of microcosmic salt, with 
oxidizing and with reducing flames, cobalt gives an intense blue color. 
The blue bead of copper changes to brown in the reducing flame. If 
Etrongly saturated, the bead may appear black from intensity of color, bnt 
will give a blue powder. This important test is most delicate with the 
borax bead. Manaanese, copper, nickel, or iron interfere somewhat. By 
i^tion, with sodium carbonate on charcoal or with the reducing flame. 
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corapoundB of cobalt are reduced to the metal (magnetic). Cobaitous 
oxide dissolves in melted glass and in other vitreous substances, coloring 
the mass blue— used to cut off the light of yellow flames (§205, 7). The 
black cobaltoso-cobaltic oxide, COjO, , as left by ignition of cobaitous osiilc 
or nitrate, combines or mixes, by ignition, with zinc oxide from zinc com- 
pounds to form a green mass, ^ith aluminum compounds a blue, and with 
iiii!i:nGBium compounds a pink mass. 

fi. Detection. — After removal of the metals of the first three groups 
cohiilt is precipitated by H,S in ammoniacal solution with Ni , Hn and Zn . 
The sulphides are digested with cold dilute HCl which dissolves the lb 
and Zn . The borax bead test (7) is now made upon the remaining black 
precipitate, and if Ni be not present in great excess the characteristic blue 
bead is obtained. If the nickel be present in such quantities as to obscure 
the blue borax bead the sulphides are dissolved in hot cone. HCl , using > 
few drops of HKO, . The solution is heated to decompose all the nitric 
acid and, after dilution, the cobalt is precipitated with nitroso-^-naphthol, 
according to directions given in Gb, and further identified by the bead tef\. 

9. Estlmatioa. — (/) Ab metallic i^obnlt, ni) compounds that may be reduoed 
by if^ilion in hydro^n ^as. r. ff.. CoCl, , Co(NO,), , CoCO, , and all oxides and 
hydroxides. (2) As CoO , atl soluble cobalt salts, nil salts whose acids are 
expelled or destroved hy if-nition, all oxides and hydroxides. The salt is eon- 
verted into Ci)(OH), by precipitation with a fixed alkali, and iRnited in a 
stream of CO,, The carbonate and nitrate may be ignited directly in CO, ■ 
and or^nic saltH are first ifn^ited in the air until the carbon is Qxidii^ed. and 
then n^ain iffnitcd in CO, . (.1) After converting into a sulphate it is ignited 
at a dull-red heat Sftl weiplied as a sulphate. (J) After converting into the 
oxalate, titrated with KMnO, . (fl) In presence of nickel, it is oxidized in 
alkaline solution liv H.D , KI and HCl are added, and the liberated iodine 
titrated with KO'Iium tt'i-isulpluite (Fischer, C. C. 1S89, 116). («) Electrolj- 
tically. (7) K.'fi^iriitcd frcrj nickel by nltroso-J-naplithol, and after ignition 
in hydrogen wiii'hctl js the metal (fi'i). 

JO. Oxidation. ^Co" is oxidized to Co'" in presence of a fixed alkab by 
PbOj , CI , KCIO , Br , KBpO , I and Kfi,* ; in presence of acetic acid by 
KNO, (Cr). Co"' U n'diine'l to Co" by H,C,0, , H,PO, , H,8 , H,SO, , HCl , 
HBr , and HI . Metallic cobalt is precipitated from solution of CoCli by 
Zn , Cd , and Mg . 



gl33. Nickel. Ni tz- r>8.70 . Tsual valence two and three. 

1. Properties.— .=;)cciflc ii.-nriin. fi.9 (Schroeder; Pogg., 1R59, 106, 226). JfriHW 
P'^hiJ, I ISO" (rieti-f. ('. r.. \f'^<. 88, i:!17). It is a hard white metal, capable of 
tHkinjr a hiph 7>oliBli: m:; I'l-alile, dui'tllc and very tenacious, forming wire 
MroiiRcr than iron hut not quite so stronp as cobalt (|132, 1). It does not 
o\idi;!e in drv or nioipt nir ;it ordinary temperatures. It is magnetic but ^off 
its magnetism like steel on heating to redness (Gangaln. C. r., 187B. 83. 6f.I). 
It burns with iacaudeBCence when heated in , CI , Br or 8 . It is muca 

• Dunant, 0. N., IWT, f S, !& 
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used in plating: other metals, in making coins of small denominations, in 
hardening armor plate, projectiles, etc. The prei'tnce of small amouDts of 
phoaphoruB or arsenic renders it much more fusible, without destroying its 
ductility; a larger amount makes it brittle. 

2. Occarrance. — Nickel almost always occurs in nature together with cobalt. 
It is found as millerite, NtS,; as nickel blende, HIS; as iron nickel blende 
NiFeS; as cobalt nickel pyrites, (NlCore),S, , etc. 

3. Preparation.— (7) By electrolysis. (3) By heating in a stream of hydrogen. 
The oxide is reduced in this manner at 270° (W. Muller, Pogg., 1H69, 136, 51). 
(J) By fusing the oxalate under powdered glass (COj being given off). 
(i) Seduction by igniting in CO. (o) Reduction by fusing willi cartion in a 
Tariety of methods. (6) By heating the carboujl,* Nl(CO). to 200°. 

1. Oxides and ET'drozldea. — yickeloug oxiOe is formed when the carbonate, 
nitrate, or any of its oxides or hydroxides are strongly ignited, fiickflotu 
Ayrfrojirfe is formed by precipitation of nickeloua salts with tlxed alkalis. 
Sifkelic oxide, Ni,0, , is made from NICO, , lJi(NO,), or WiO by heating in the 
air not quite to redness, with constant stirring. It is changed to NiO at a red 
heat. Nickelic hydroxide, Nl(OH), , is formed by treating nickelous salts 
drat with a fitted alkali hydro.vide or carbonate and then with CI, NaClO , Br 
or NaSrO (not formed by fodine), a black powder forming no corresponding 
salts (Campbell and Trowbridge, J. Anal., isaa, 7. :(01). A trinickelic tetroxide, 
K1,0. , magnetic (corresponding to Co,0, , Fe,0, , Hn,0. and Pb.O.), is formed, 
according to Baubigny (f. r., 1378, 87, lOHS), by heating HIGl, in oxygen gas 
at from 350° to 440°; and by heating NliO, in hydrogen at 190° (Moissan, A. CJi., 
1S30, (5), 21, 19S). 

5. Solubllltias.—fl.—.Urta I.— Hydrochloric or sulphuric ncid. dilute or con- 
centrated, attacks nickel bnt slowly (Tissier, C. r., IBGO, 60, 106) ; dilute nitric 
acid dissolves it readily, while towards concentrated nitric acid it acts very 
similar to passive iron (Deville, C. r., If454, 38. 2H4). It is not attacked when 
heated in contact with the alkali hydroxides or carbonates. b.—Ojridfs and 
Jij/rfroj-WM.— Nickelous oxide and hydroxide are insoluble in water or fixed 
alkalis, soluble in ammonium hydroxide and in acids. Nickelic oxides and 
iiydroxides are dissolved by acids with reduction to nickelous salts, with halogen 
adds the corresponding halogens are liberated. The moist nickelic hydroxide, 
formed by the action of CI , Br , etc., in alkaline solution, after washing with 
hot water liberates free iodine from potassium iodide (distinction from cobalt). 
Nickelic hydroxide when treated with dilute sulphuric acid forms NIBO. , 
oxygen being ei-olved. With nitric acid the action is similar, distinction from 
cobaltic hydroxide, which requires a more concentrated acid to effect a similar 
ri^uction. c— So»jf.— The salts of nickel have n delicate green color in crystals 
and in solution; when anhydrous, they are yellow. The nitrate and chloride 
are deliqu«sc«iit or «ffloT«BC«nt. according to the hygrometric state of the 
atmosphere: the acetate is efflorescent. The chloride vaporises at high tem- 

Thc carbonate, sulphide, phosphate, borate, oxalate, cyanide, ferrocyanide 
and ferricyanide are InBClable; the double cyanides of nickel and alkali 
metals, soluble in water. The chloride is soluble in alcohol, and the nitrate in 
dilute alcohol. Moat salts of nickel form soluble compounds by action of 
ammonium hydroxide. 

6. Beaotioss. a. — Alkali hydroxides precipitate solutions of nickel 
salts as nickel hydroxide, Ni(OH)i , pale green, not oxiflizefl by expoaiire to 
the air (§132, 6a), insoluble in exeeRS of the fixed alkalis (distinction from 
zinc), soluble in ammonitim hydroxide or nmmonium salts, forming a 
gTeenish-blue to violet-bhie solution. Excess of fixed alkali hydroxide 

■Nickel carbonyl 1b prepared by hestlnfr the nickel ore In a current of CO. It is a liquid, sp. 
vr., l.n8G, botllnK at 13* and freezing at —a°. When bested t-)SOO* itladocomiNwed IntoNI and ■ 
CO(Berthelot.ar.,ieBl.lia,13(3;llS,S7e: Hond,J.8nc.Iiirl.,lB«,lI.75(n., _ . Q|C 
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Will Blowly precipitate nickel hydroxide from the ammoniacal solntinm 
(diBtinctioQ from cobalt). Alkali oarbonatea precipitate green btuic 
nicielovs carbonate, Ni3(0H),(C0j)j (compoBition not constant), soluble in 
{uomonimn hydroxide or ammonium salts, with blue or greenish-blue color. 
Carbonates of Ba , Sr , Ca , and Kg are without action on nickelous 
chloride or nitrate in the cold (distinction from Fe'". Al , and Cx"'}. hut 
on boiling preeipitftte the whole of the nickel, 

6. — Ox&llc »eld aod oxal&tea precipitate, very slowly but almost completely, 
after twenty-four hours, nickel oxalate, green. Alkali cyanides, as XCN . jirr- 
dpitate nicl^f c]/anide, m(CH), , yellowish -green, insoluble in hydmrvBiiif 
acid, and in cold dilute hjdroctloric acid; dissolving in excess of the cyaiiiitf. 
by formation of soluble double cyanides, aa potassium nickel cyaiii<le 
(KCNjiNMCN), , The equation of the change corre»|ionds esactly to that for 
caliaU (}133, Gb); and the solution of double ovaiiide is reprecipitate<l as 
Nl(CN), by a careful addition of adds (like cobalt); but hot digestion, with 
the liberated hydrocyanic acid, forms no compound corresponding to coUnlli- 
cyanidea, and does not prevent precipitation by acids (dtstiiiction from cobalt). 
It will be observed that excess of hydrochloric or sulphuric acid will dissohf 
the predpitflte of m(ON), . FerrocTanldM, as E,W(CN), , precipitate n 
greenish-white nickel Itrrocyanlie, Nl,re(CN), , Insoluble in acids, soluble in 
ammonium hydroxide, decomposed by fixed alkalis. rerricyaiiideB precipitate 
greenish -ye! low nlcJIrel Urricgonide, Insoluble in acids, soluble in. ammoniimi 
hydroxide to n green solution (E13Z, 6b). A solution of nltroferrlcyudda 
precipitates solutions of cobalt and nickel sails, the latter being soluble in 
dilute ammonium hydroxide (CavalU, Qaxetta, 1897, 27, 11, 95). 

A solution of pataaBlmn xanthate precipitates neutral solutions of nickel and 
cobalt, the former being soluble in ammonium hydroxide (distinction), from 
which solution it is precipitated by (WH.),S (Phipson, C. N., 1S77; 86, IMi). 
The xantbate also precipitates nickel in alkaline solution in presence of 
lra.P,0, (a separation from Fe'") (Campbell and Andrews, J. Am. Ror.. 1S95. 
IT, 125). 

JPfctcI mlts are not precipitated by an acetic ncid solution of nit«»»- >- 
aaphthol (separation from cobalt) (Knorre, B., IHKo, 18, 702). 

r.^FotaaslDm nitrite in presence of acetic acid does not oxidizenickelous 
compounds (distinction from cobalt), d.— Sodium phosphate, Na,BTO, , pre- 
cipitates nickel phosphate, lfi,(FOJ, , greenish -white. 

e. — Hydrosnlphiiric acid precipitates from neutral aolutionR of nieki'l 
salts a portion of the nickel as iiiclcd nvlphide, black (Baubigny, C. r.. 18S3. 
94, 1183; 95, 34). The precipitation takes place slowly, and from nickcl- 
ous acetate is complete. In the presence of mineral acids no preeipilo- 
tion takes place. Alkali nilphideB precipitate the whole of the nickel. 
as the black sulphide. Although precipitation is prevented by free acids 
the precipitate, once formed, is nearly insoluble in acetic or in dilute 
hydrochloric acids; slowly dissolved by concentrated hydrochloric acid, 
readily by nitric or nitro-hydrochloric. 

soluble in yellow ammonium sulphide,* 
is precipitated (gray, black mixed with 

*IIarelJ'. Am. Snc..im>. 17, KR) adds tartBric acid to the solutions ot nlokel and oobalt, and an 
IZceuof sodium hydroxide. He tben passe* In H,B. Tbe cobalt la completel; piwiIpllatMl 
nule tbe nickel lODUlns Id solution, and can be precipll«(«d upou acldulatlqs tbe Dltrate. 
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sulphur) on addition of acetic acid (distinction from cobalt). Freshly pre- 
cipitated nickel Bulphide is soluble in KOH and reprecipitated aa THHCN), on 
aiMiug SCI or H.SO. (separation from cobalt) (Guyard, BL, 18T6, (S), 26, 509). 
When nickel salts are boiled with a solution of NajSjO, , s portion of the nickel 
is precipitated aa the blacli sulphide. 

f. — The halogen acids reduce the higher oxides of nickel to nickelous 
salts with liberation of the corresponding halogen. Potassium iodide 
added to freahly precipitated nickeiic hydroxide gives free iodine (distinc- 
tion from cobalt). 

g. — Nickel salts are precipitated by arB«nit«a and araauates, white or grreen- 
ish-white. soluble in ncidn, includinjf arsenic acid. b. — Potassium cttromate 
precipitntes basic nickel ctiromate. jelloiv. soluble in acids, including chromic 
acid (Schmidt, A.. 1S70, 166, I'J). E,Cr,0, forms no precipitate. 

7. Ipnltion.^Nickel compounds diHsotvc clear in the borax bead, giving- with 
tlie oxidizing flame a purple-red or violet icolor while hot, becoming' yellowish- 
brown when cold; with the reducing flame, fading to a turbid gray, frorn 
reduced metallic nickel, and finally becoming colorless. The addition of any 
]K>tassium salt, as potassium nitrate, causes the borax bead to take a dark 
liurple or blue color, clearest In the oxiilizing flame. With mlcrocosmlc aalt, 
nickel gives a reddish-brown bead, cooling- to a pale reddish-yellow, the colors 
being' alike in both flames. Hence, with this reap-ent, in the reducing flame, 
the color of nickel may l>e recognized in presence of iron and manganeae, which 
are colorless in the reducing flame; bnt eithalt effectually obscures the bead 
test for nickel. The yeitow-red of copper in the reducing flame, persisting- in 
bends of microcosmic salt, also masks the bend test for nickel. By ^nltlon. 
with sodium carlxinnfe on charcoal, compounds of nickel are reduced to the 
metal, slightly attracted by the moffnet. 

8. Detection. — We proceed exactly as with cobalt for the nitroso-;?- 
uaplitliol precipitation. The Vi remains in the filtrate and can be precipi- 
tated with HjS (after neutralizing with ITH^OH), and its presence con- 
firmed by the usual tests. Or dissolve the sulphides of Hi and Co i;i 
iUlO, , evaporate nearly to dryness, add an excess of EOH or Ka^CO, , 
boil, add bromine water and boil to complete oxidation of the Co and Si , 
filter, wash thoroughly with hot water and add hot solution of KI to the 
precipitate on the filter paper. Free iodine (test with CSj) is evidence of 
the presence of nickel. 

9. Estlinatloii.*— (/) KIckel hydroxide, oxide, cartianate or nitrate is ignited 
at a white bent and weighed as KiO . (2) It is converted into the Hulpliate and 
deposited on platinum as the free metal by the electric current. (.7) Volu- 
metrically. By titration in a slightly alkaline solution with ZCH . using a 
small amount of freshly precipilnted Agl as an indicator (Campbell and 
Andrews, J. Am. Stjc., 18D5, 17, 137). 

10. Oxidation.— Hi" is changed to Hi'" in presence of fixed alkalis by 
CI , HaCIO , Br , and HaBrO (not by I , distinction from cobalt, Donath, 
B., 1879, 12, 1868). Hi"' is reduced to Hi" by all non-reducing acids with 
evolution of oxygen; by reducing acids, H.C.O, is oxidized to COj , EHO, 

*Ooulal (Z. anoeu.. 1888, ITTl gives a aummair of the metbode pioiiOBed for the 
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to HNO. , H,FO, to H,FO, , H,S to S , H,SO, to H,80, , HCl to CI , HBr to 
Br , HI to I , HCirS to HCN and H,SO, , H,Fe{CN), to H,Fe(CV), . Si" 
is reduced to the metal by ftnety divided Zn , Cd , and Sn . 



§134. Man^^ese. Hn = 55.0. Valence two, three, four, six and 

1. Prop«rtiMi.— Sped;Ic gravity, 7.138 to 7.206 (Brunner, Pogg., 1857, 101, Z&4); 
mming pmnr, at a high white heat (blue heat) (Deville, A. Ch., 1856, (3), 48, 
laO); volatilizes at the highest heat of the blast furnace (Jordan, C. r., 1878, 
B6, 137-J). It is a brittle metal, having- the g-eDeral appearance of cast iron, 
noii-niag-netic, takes a high potixh. According to Deville it has a reddish 
appearance. It is readily oxidized, decomposing water at bnt little above the 
ordinary temperature (Ueville, (. c). It is used largely as ferromanganese in 
the mannfacture of Bessemer steel. 

Oxides acid hydroxides of maugnnese e.\ist as dyad, triad and tetra<i: ihe 
salts exist most commonly as the dyad with some unstable triad and tetrad 
salts: as an acid it is a hexitd in manguniiti-s and n heptad in pe rm an pfn nates. 

2. Occurrence. — Not found native. It accompanies nearly all iron ores. Its 
chief ore is pyrolnsite, HnO, . It is also found as braunite, Kii,0,; hausman- 
nite, Un,Oj: mun^nnite, llnO(OB); manganese spar, HnCO,; mangane^i' 
blende, UnS; and ns a constituent of many other minerals. 

?: Preparation.— (/) By electrolysis of the chloride. (2) By reduction with 
metallic sodium or maRnesium (Glatzel, B.. 1HH9, 22, 2857). (S) By reduction 
witli some form of carbon. II has not been reduced by hydrogen. (^) By 
ignition with aluminum (Goldschmidt, A., IKUS, 301, 19). 

4. Oxides and Hydroxides. — (u) Saaganous oxide, HnO , represents the only 
base capable of forming stable manganese salts. It is formed (/) by simple 
ignition of Uii(OH), , MnCO, or HdC,0, , air being excluded; {2) by ignilian 
of anv of the hig-her oxides of manganese with hydrogen in a closed tiibr 
(■ oisKon, A. Ch., 1880, (5), 21, lOD). If prepared at as low a temperature ns 
1 racticable. it is a dark gray or {jrcenish-gray powder, and oxidizes quickly 
iii the air to Mn,0, . If prepaied at a higher heat it is more stable. lS.na- 
ganous hydroxide, TILa(OS),, is formed from manganous salts by precipita- 
tion with alkalis.' It r(uickly oxidizes i-i the air. forming KilO(OH). thus 
changing from white to brown, (h) HaDganic oxide, Hn,0, . is formed by 
heating any of the oxides or hydroxides to a ri'd heiit in oxygen gas or in nir 
<Schnieder. Pogi., IS."!), 107, OO.".). Uangmnic oiide-hydroxlde. llnO(OH) . i'- 
formed (I) by oxidation of Mn(OH), in the air; (2) by treating UnO, with 
concentrated H.SO, nt a tcmiieralurf of about iri)°, forming lInj(SO,), anil 
then adding water: Hn^fSOJ, + -IH.O = 2MnO(OH) + 3H,S0. <Carius, A.. 
lKri6, 98. 03). (c) Trlmangaites* tetroxlde, HniO, , is formed vrhen any of thv 
higher or lovrer oxides of mareaneae or anv manganese salts with a volatile 
acid are heated in the air to a white heat (Wright and Luff, B., 1878, 11, £145). 
The correspiinding hydroxide would be Mii,(OH),: this has not been isolate.). 
A porresponding oxlde.hvdroxide is formed bv adding freshly formed and 
rooisi ttaO, to on excess of Una, contain'r.g NH.CI (Olto, A., 1855, 93. 372). 
(rf) Manganese peroxide. HnO,, is formed (0 hv heating HndTO,), to 200" 
(Gorgeu, C. r., IRTa, 88, 7%): (3) by healing HnCO, with EClO, to 300°: (.t> by 
boiling any mangnnous salt with concentrated HNO, and KCIO,. A correspond- 
ing hydroxide, Hn(OH), , has not been Isolated. Several other hydroxides. 
C!7., MnO(OH),. M:n,0,(OH),. irn,0.(OH). etc.. hove been produced. The 
chief usp of mnngnnese dioxide is in the preparation of chlorine or bromine. 
(r) MRnganateB.—.W'in'OTitic acid. H,Hii0, , is not known in a free state. The 
correcnonding unit. K.BInO, . is formed when ativ form of manganese is fuwd 
vi-ilh ■^OH or K,CO, ('/) in the air. o\ypen being absorbed: or (2) with KNO, 
or FflO, , NO or KCI being formed. A manganate of the alkali metals is 
Foliil'V in water, irith irniliin! (li-ivimp''i'llion into manganese dioxide and per- 
mai;j;iinates: cE.HnO. + 2H,0 = SKUnO. + UnO, + 4S0B: . Free alkali 
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retards, and free acida and boiling promote, thin change. Manganatea have 
a green color, which turna to the red of permanganates during the rtecoinpoai- 
tion inevitable in solution. This is the usual method of manufucturiog KMnO,. 
<^) Permang&nlc acid is not- in use as an acid, but is repreaented by the per- 
manganates, as EMnO, . The permanganic acid radical ia at once decomposed 
by addition of hot H,SO, to a solid permungnnate (i), but in water solution 
this decomposition does not at once take place, except by contact with oxidiz- 
able Hubetances. The oxidizing power of permanganates extends to a great 
number of substances, poaaessee difFerent ch a ract eristics in acid and in alka- 
line solutions, and acts in many cases so rapidly a a* to be violently explosive. 
The reactions with ferrous salts (2) and with oxalic acid (S) are much used in 
volumetric analysis. 

{;) 4E1CI10, + 2H,80, = 2K,80, -1- 4JInO, -j- 30, -j- 2H;0 
and 2HiiO, -^ 2H.80t = ZTHnBO, + 2H,0 + 0, 

or iSMaO^ + GH,SO. = 4UiiS0. + 2K,S0. -|- 50, -f- 6H,0 

(2) KMnOi -I- SFeCl, -|- SflCl — MnCl, + KCl + SFeCl, -|- 4H,0 

(3) 2KMnO. + 5H,C,0. -j- 6HC1 = 3MnCl. + 2KC1 + SH,0 + lOCO, 

5. SoIabilitieB. — a. — Metal. — Manganese diasolves readily in dilute acids to 
form manganous-salts. Concentrated BiSO, dissolves it only on warming, SO, 
being evolved. It combines readily with chlorine and bromine, (j. — OTutfH 
and hydroxidfti. — All oxides and hydroxides of manganese arc insoluble iu 
water. They lire soluble, upon warming, in hydrochloric acid, forming man- 
ganous chloride; the higher oxides and hydroxides being reduced with evolu- 
tion of chiorine {commercial method of preparation of chlorine). Instead of 
hydrochloric acid, sulphuric ac'd and a chloride may be employed (HBr and 
HI act similarly to, and more readily than HCl). In the cold, hydrochloric 
acid dissolves IbiO, to a greenish- brown solution, containing, probably. KnOl, 
or HnCl, , unstable, giving chlorine when warmed and forming ICnOi when 
strongly diluted with water (Pickering. J, C. 1S79. 38, 654; Nickles, A. Cft., 
1M65. (-1), 6, 161). Nitric and sulphuric acids dissolve manganous oxide and 
hydroxide to manganous salts. Manganese dioxide (or hydrated oxide) is 
insoluble in nitric acid, dilute or concentrated; concentrated sulphuric acid 
with heat decomposes it. evolving oxj-gen and forming manganous sulphate: 
2KuO, -|- 2H,S0, = 2HnS0, -j- 2H,0 + 0, . Manganous hydroxide is insoluble 
in the alkalis but siitiibic 'a solutions of ammonium Mlts. 



c. — Sails. — Manganous sulphide, carbonate, phosphate, oxalate, borate, 
and sulphite are insoluble in water, readily soluble in dilute acids. Han- 
{^anic lalts are somewhat unstable compounds, of a reddish -brown or 
purple-red color, becoming paler and of lighter tint in reduction to the 
manganous combination. UnClj and MnSO, are ddiquescent. Man- 
ganic chloride, MnCl, , exists only in solution, which is reduced to 
ICnCI: by boiling, also by evaporation to a solid. Manganic sulphate, 
]Cii,(SO,)i, is soluble in dilute sulphuric acid, but is reduced to UnSO^ by 
the attempt to dissolve it in water alone; potassium manganic sulphate 
and other manganic alums are also decomposed by water. Alkali mangan- 
ates and permanganates are soluble in water, the former rapidly changing 
to manganese dioxide and permanganate, which is much more stable in 
solutioo. In presence of reducing agents both manganates and perman- 
ganatee are reduced to lower forms. 

E,3In0, + 8HC1 = MnCl, + 2KC1 -(- aCl, -|- 4H,0 

2EHiiO, + aaiaSO, -H 2H,0 = SHnO, -J- E,SO, + 2a,S0,^-. 
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Concentrated H,804 is the cold disEolvea EHnO^ , forming (]CilO,)i80^ 
(a sulphate of the heptad manganeee : SKMnO, + SH^SO^ = (ltn03)jS0« + 
2EHS0« + 2H,0 {Fraoke, J. pr., ISST, 36, 31). If heat be applied oxygen 
is evolved and the manganese is reduced to the dyad (if). 

6. Seactiont. a. — The fixed alkali hydroxides precipitate from solu- 
tions of manganous edUs, manganous hydroxide, ]fii(OH), , white, soon 
turning brown in the air by oxidation to manganic hydroxide, KnO(OH) . 
The precipitate is insoluble in excess of the alkalis; but, before oxidation, 
is soluble in excess of ammonium salts with formation of a double ani- 
Tnonium manganese compound * (1). Ammonium hydroxide precipitates 
one half of the manganese as the hydroxide from solutions of manganous 
salts, the other half being held in solution as a double salt by the am- 
monium salt formed (2) (Dammer, 3, 237). The presence of excess of 
ammonium salt prevents the precipitation of the manganese Jiy ammonimn 
hydroxide (3) (separation of manganese from the metals of the third 
group) (Pickering, J. C, 1879, 35, 672; Langbein, Z., 1887, 26, 731). 
Manganic hydroxide, MnO(OH), is insoluble in the alkalis or in ammonium 
salts. It gradually precipitates, completely on exposure to the air, as 
a dark brown precipitate from solutions of manganous hydroxide in am- 
monium salts. Alkali oarbonates precipitate manganous carbonate, HnCO, , 
white, oxidized in the air to the brown manganic hydroxide, and before 
oxidation, somewhat soluble in ammonium chloride. Strong ammonium 
hydroxide gradually reduces a solution of potassium permanganate to 
manganese dioxide (106). 

(/) lIii{OH). + 4NH.C1 = MiiCl,.2NH.Cl + 2NH.OH 

(2) 2HiiSO, + 2NH,0H = HnS0..(irH.),80. + Mn(OH), 

(3) KnCl. + 3NH,C1 — MiiCl,.3NH.Cl or (NH,),HnCl. 

h. — Oxalic acid and alkaline oxalates precipitate manganous oxalate, 
soluble in mineral acids not too dilute. All compounds of manganese of 
a higher degree of oxidation are reduced to the manganous condition on 
warming with OTnlic acid, or oxalates in presence of some mineral acid: 
2K]|jiO« + 5H,CjO< + 3HjS0, — K,SO, + SMeSO, + lOCO, + 8H5O . 

Soluble cyanldea, as ECN , precipitate manga nout. cyanide, Hii(Clf), , white, 
b\it darkening- in the air; soluble in excess of the precipitant bj' formation of 
double cj-anidcE. as Hn(0N),.2ECN . This solution, exposed to the air. pro- 
duces manj/anlfi/anUtea (analogous to ferricyanides), with oxidation ol the 

•ItbasbeeniiueBtlonoil whothor tho Bolubillty of MB{Oa), in Hmmonium Baltslsdue toconi- 
binatlon twtwoen thatwo. As baa been already stated, the T^aw of Maw Aalion causes Uut 
reaction to take place which loads to the fonnatlon of a slightly dlsHociated HUbetauco. Thus 
F*(OII)] aissolves (d MCI and A.,0, In K«OH tiecBuse Inoach case water, a noQ-di«octoted 
eubstance. rcsulta; and FcS and AtjSLdlswilve In HCI and Nana respectively because Ibe 
Uttlc-dlssoclatodlltSfs a product Bimilarly, 1«H,C1 with Mi>(OH', given opportunity (or the 
formatloD of IIH,OH. a compound of small dlBsooiatloD-oonstant. Solution due to tbla csu'S 
can take place only with hydroxides having a compamtlvely largie S"lul>illty-product '|4S'. 
Bee (^twald on the solubility of M(|OHlh '■ Wlssonschartllohc QrundiageQ decaiudytlicbei) 
Obemle." Id ed.. p. IIB. ■ - - <-■>"" 



§134, 60. MJLliGA.NEaB. 175 

manganese: 12(Mii(OM'),.2KCW) + 30, + 2H,0 = 8K,lIn(C!N). + 4HiiO(OH). 
Vtf" and Kn" may be BeparBted by treating a solution of the two metals wIUl 
a strong exceGs of ECIT and then witb iodine. The manganese is precipitated 
as KnO, and the iron remains in solutloa (B^ilstein and Jawein, B., 1HT9, IS, 
1528). FerrocyanldeB pieclpitate white manganoua /errwT/ortWe, ICn,Fe(CN), , 
soluble in hydrochloric acid. Tarrlcyanidea precipitate brown manganoaa ferri- 
ej/anide, lIn,(re(Cir),), , insoluble in acids (aeparation, with Co and Nl , from 
Zn) (Tarugi, Qaszetla, 1895, 25, ii, 478). If an alkali or alkali carbonate be 
present, potassiuni ferricyanide oxidizes mnnganous compounds to manganese 
dioxide, the ferricyanide being reduced to ferrocyanide. Potassium ferro- 
cyanide reduces manganates and permanganates to manganous compounds. 

r. — Nitric acid Ib of value in analysis of manganese compounds in that 
it, as a non-redudng acid, acts readily with oxidizing agents, as PbOj, 
KCIO, , etc., to oxidize manganous compounds to manganese dioxide or to 
permanganic acid. Reducing agents as HCl , etc., should be absent. 
Sulphuric acid may be used instead of nitric acid. 

Z3Iii(NO.), + 5PbO, + 6HNO, = aHMnO. + 5Pb(N0.), + 2H,0 
SUnSO, + aEClO, + H,SO. + 4H,0 = SHnO, + K,SO. + CI, + sUfiO, 
In using PbOj and HNO„ to detect manganese, the compound should first 
be reduced with hydrochloric acid, precipitated with potassium hydroxide 
and this precipitate dissolved in nitric acid, as MnO, is not all oxidized 
by FbOj and HHO, (Koninck, Z. avgew., 1889, 4). 

(I. — HypophOBphorous add reduces all higher forms of manganese to the 
manganous condition. Alkali phOBphateB, as Hb,HFO, , precipitate, from 
neutral solutions of manganous salt^, normal nwtngiiuous phosphate, Mn,<FO,), , 
white, slig-htly soluble in water, and soluble in dilute acids. It turns brown in 
the air. The manganous hydrogen phosphate, XnHFO, , is more soluble in 
water, and is obtained by crystallization from a mixture of manganous sul- 
phate acidulated with acetic acid and diaodium phosphate, Na,HFO, , added 
till a precipitate begins to form. From the ammonium-manganese solution. 
freshly formed (Ra), phosphates precipitate all the manganese as tnanganou* 
ammontwn phosphate. 

e. — Hydrcsulphnric acid precipitates manganous acetate but imperfectly, 
and not in presence of acetic acid, and does not precipitate other salts, as 
manganous sulphide is soluble in very dilute acids, even acetic acid. 
Ammonium sulphide precipitates from neutral solutions, aifTi forms from 
the recent hydroxide of mixtures made alkaline, the flesh-colored man- 
ganous sulphide, UnS . Acetic acid, acting on the precipitated sulphides, 
separates manganese from cobalt and nickel, and from the greater part of 
zinc. All the higher oxidized forms of maoganese (in solution or freshly 
precipitated) are reduced to the manganous condition, with separation of 
sulphur (10), by hydro sulphuric acid or soluble sulphides: 4KltiiO, -|- 
14(HHJj8 -f 16H,0 = 4MiiS + 4K0H + SSHH^OH + 5Sj . The green 
manganous sulphide, MnS , crystalline, anhydrous, is formed by the action 
of Hj,S on a hot ammoniacal manganous solution not containing an ezce.'>s 
of ammoninm ealts (Meineke, Z. angew., 1888, 3). 

Boluble ■olptaltAB precipitate from solutiona of manganous salts, manganons 
sulphite, KnSO, , white, insoluble in water, soluble in acids (Gorgeu. C. r., 
1883, 06, 341). Solutions of manganatea or permanganates are iinmedintely 
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icdiiced to the flocculent bromi-black manganese dioxide bf solntlona of 
sodium sulphite or sodium thiosulphate; if acids be present, the reduction Ie 
'Complete to manganous salte. 

/. — HCl , EBr , and HI readily reduce the higher compounds of man- 
ganese to manganouB salts with evolution of the corresponding halogen. 
When manganese dioxide is dissolved in concentrated HCl without heat, 
the dark brownish colored solution is said to consist of manganese tetra- 
chloride, HnClf, which deposits HnO^ on dilution with water and on 
wanning decomposes into manganous chloride and chlorine (56) (Picker- 
ing, J. C, 1879, 35, 654). Potassium iodide instantly reduces a solution 
of potassium permanganate, forming manganese dioxide and an iodate 
(distinction from chloride and hromide). Potassium chlorate or bromate 
when boiled with concentrated nitric or sulphuric acids and manganous 
compounds forms manganese dioxide (c). 

p, — Soluble arsenltes precipitate manganvuii orsrnilf, and arsenBtee precipitate 
mnnganoua iimenate, insoluble in water, soluble In acids. Ai-aenous acid and 
ersenitea reduce solutions of manganates or pe rm an g'a nates, forming a brown 
flocculent precipitate: or a colorless solution if warmed in presence of a 
mineral acid. A. — Normal potasaiiun cbromate precipitates manganous salts. 
' brown, soluble In acids and in ammonium hydroxide: no precipitate is formed 
with potassium dichromate. t.^Sohiblc manganates and permangitnates pre- 
cipitate mnnganons nalts as manganese dioxide, being themselves reduced to 
the same form: 3MnS0, + SKHnO, + aH,0 = 5lS.nO, + E,80. + ZUfiO, . 

7. Ignition with alkali and oxidizing: i^nts, forming a bright green mass 
of alkaline manganate, constitutes a delicate and convenient test for man- 
ganese, in any combination. A small portion of precipitate or fine powder 
is taken. If the manganese forms but a small part of a mixture to be 
tested, it is better to submit the substance to the systematic course of 
analysis, and apply this test to the precipitate by alkali, in the fourth 
group. A convenient form of the test is by ignition on platinnm foil with 
potassinm or sodium nitrate and sodium carbonate (a). Ignition, by an 
oxidizing flame, on platinum foil, with potassium hydroxide, effects the 
same result, less quickly and perfectly (b). Ignition by the oxidizing flame 
of the blow-pipe, in a bead of Bodinm oorbonate, on the loop of platinum 
wire, also gives the green color (c). 

(fl) 3lIi»(0H), -I- 4KN0. -I- Na,CO, — 

2E,l[nO, + Na,MiiO. + 4H0 -(- CO, -|- 3H^ 
(6) Mii(OH), -I-.2KOH -I- 0, — K,MnO. -|- aH,0 
(c) Mii(OH)j -h Na,CO, H- O, — NaJttnO, -i- H,0 + CO, 
With beads of borax and mlcrocosmic salt, before the outer blow-pipe flame, 
niangancBe colors the bead violet while hot, and nmtthyst-rtd when cold. Tbe 
color is due to the forioation of mangnnic oiiilr. the coloring material of tbe 
amethyst and other minerals, and is slowly destroyed by application of the 
inner flame, which reduces the manganic to manganous oside. ' 

8. Detection. — After the removal of (he metals of the first three groups 
(the third group in the presence of NH^Cl in excess, 56 and 6a), the Mb 
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. vitb Co , Hi and Zn is precipitated in the amtnoniacal solution by H^S . 
By digeetton in cold dilute HCl the sulphides of Hn and Zu are dissolved, 
and after boiling to remove the H^S , Kn is precipitated as the hydroxide 
by excess of EOH , which dissolveB the Zn . The precipitate of the man- 
ganese is dissolved in HKO, and boiled with more HNO, and an excess of 
PbOj , A violet-colored solution is evidence of the presence of manganese. 

9. Estlmatloii. — (1) By converting: into Mn.O, (4e), and weifrbing ns gnoh. 
^l) By precipitating as MnKH.PO, , and after i^ition weighing bb Ma,P,0, , 
(S) By treating the neutral manganous sait with a Holution of XMuO, of 
known strength (Gf). If some ZnSO, is added the action ia more satisfactory 
(Wright and Menke. J. C, 1M80, 37, «). (i) By boiling the tnanganous com- 
pound with PbO, and HNO, . and comparing the color with a permanganate 
solution of known strength (Peters, C. N., 18T6, 33, 35). (3) The manganous 
compound is oxidized to KnO, by boiling with KCIO, and HNO, , This ia 
then reduced by an excess of standard H,0, , a,C,0, or F«SO, , and the excess 
of the reagent estimated by the usual methods. (6) KnO, , obtained as in {5), 
is treated with H,C,0, and the evolved CO, measured or weighed. (7) KnO,, 
obtained as in (J), is boiled with HCl and the evolved CI estimated. 

10. Oxidation.— (a) Kn" is oxidized to Mn'" in alkaline mixture on 
exposure to the air; to Mn''^ in neutral solution by E^XnOf and EMaO^ , 
in alkalin* mixture by CI , Br , I , KjFe(CN), , KCIO , KBrO , H,0,S et». ; 
in acid solution by boiling with concentrated HHO, or H.SO, , and KCIO, 
or EBrO, . Mn"— ° is oxidized to Mn" by fusion with an alkali and an 
oxidizing agent, or by fusion with KCIO, alone (Boettger, Z., 1872, 11, 
433). Mn™-" is oxidized to Mn*"' by warming with PbO, or PbaO, and 
ILHO, or HgSO^ . The higher oxide of lead should be in excess and reduc- 
ing agents should be absent as they delay the reaction; hence in analysis 
the manganese should be precipitated as the hydroxide or sulphide, fil- 
tered, washed, and then dissolved in HNO^ or H^SO^ , and boiled with the 
higher oxide of lead (6c). A solution of potassium manganate decomposes 
into potassium permanganate and manganese dioxide on standing, more 
rapidly on warming or dilution with water, (ft) All compounds of man- 
ganese having a higher degree of oxidation than the dyad, (Mn""*"") are 
reduced to the dyad {Mr") by H,CA , HHjPOj , HjS*, K,S, H,SO, , H,0,' 
(in neutral or alkaline solution to TS.n'^), HCl , HBr , HI , HCHS , Hg', Sn", 
Ab'", Sb'", Cu', Fe", Cr", Cr"', etc.; the reducing agents becoming respec- 
tively COj , P^, S" to S^ {depending upon the temperature, concentration, 
and the agent used in excess), CI , Br , I , HCN and S^S Hg", Sn"', As'. Sb", 
Ctt", Fe"', and Cr". Un"-*-'' is reduced to Mn'^ (or Mn'") by H ', Asfl,% 
SbH,», PHA Na^SOA Na,S,0/, NH.OH' (slowly), Mn", etc. KMnO^ is 
reduced.to K,MnO, on boiling with concentrated KOH : 4KMn0j -|- 4K0H 
= 4KjlfaO^ -I- 2^0 -I- 0^ (Ramnielsberg, B., 1875, 8, 232). 

'■Klrln, Arch. Phnrm.. IBSB. Mr.TT: Jatna-sch and \-on Clo^dt, Z. annro., 18B5. lO.BSS and UO; 
Camot, C. r., 188*. 1 07, 997 and 1 IM. 

*CBrnot.m..l8Wi,(3),I.ST7: OurKeu.C.r., 1890,110,968. ' Jones, J. C, 18T8, SS. tK. •Hoeolff 
and ZatxPk,.V.,18S8,4,738i Olaeser, J>f.,ieeE,S.82g. ■ - - o ~ 
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1. Vtopvrtitm.— Specific grai-iiv, 7.142 (Sprinfr. B., 1883, 16, 2TS3). UeUing 
point, 41B.5° to 419.35° (Heycotk and Neville, J. C. 1895, 67, 185). BoiUng poimt. 
940° <Violette, C. r., 18B2, 94, 720). It is a bhiish-white metal, retaining ita 
lustre in dry air, but sliffhtly tarnished In moist air or in water. When be«t«d 
to the boiling point with abundant exf^ess of air It burns with a bluish-white 
flame to zinc oxide. Zinc dust mixed with sulphur is ignited by percussion 
(Schwarz, B., ise2, 15, 2503). At ordinarv temperature it breaks with a coarse 
crystalline fracture. It is more malleable at 100° to 150° than ot other tem- 
peratures, and at that temperature may be drawn into wire or rolled into 
sheets; At 205° it is so brittle that it may be easily powdered in a mortar. 

Zinc finds an extended use in laboratories for the g-enemtion of hydrogen. 
It is molded in sticks or granulated by pouring the molten metal into cold 
water. The pure metal is not suitable for the generation of hydrogen, as the 
reaction with acids proceeds too slowly (Weeren, B., 1S91, 24, 1785). Com- 
mercial impurities render the metal readily loluble in acids, or the pure metal 
may be treated with a dilute solution of platinum chloride (twenty milligrnras 
PtCl, per litre). Metallic platinum is dejrasited upon the zinc; FtCl, + 2Zii =: 
Pt + aZnCl, . 

2. Occuirence.— It is found as calan^irc (ZnCO,), as zinc-blende (ZnS); also 
associated with other metals in numerous ores. 

3. Prepamtloa. — The process usually emploj-ed consists of two operations: 
(I) Itoasting: in case of the carbonate'the action is: ZnCO, = ZnO + CO,: if it 
is a sulphide, 2ZnS -|- :tO, ==: 2ZnO -|- 2SO, . ^2) Reduction with distillation: 
after mixing the ZnO with one-half ita weight of powdered eoal, it is distilled 
aT a white heat. Its usual impurities are Aa. Cd . Fb , Cu , Pe and 8n . It is 
purified by repeated distillation, eiich time rejecting the first portion, which 
contains the more volatile As and Cd , and the last which contains the les« 
volatile Pb , Cu , P« and Sn . Strictly chemically pure zinc is best pftpared 
from the carbonate which has been purified by ; — inltation. 

4. Oxide and Hydroildfc— Zinc oxide (ZnO) ia un.u, by igniting in the air 
either metallic zinc, its hydroxide, carbiinati'. nitrate, oxalate, or any of its 
organic oxysalls. Zinc hydroxide,' Zn{OH); . is madp from solutions of zinc 
salts by precipitation with fixed ulkatU (Da). 

5. Solubilities.— (n) MelnL—Vun zinc dissolves very slowly in acids' or alkalis. 
unless in contact with copper, platinum or some less positive metal (Baker, 
J. C, 1.SS5, 47, .149). The metallic impurities in ordinary zinc enable it to 
dissolve easily with acids or alkali hydroxides. In contact with iron, it is 
quite rapidly oxidized in water containing air, but not dissolved by water 
unless by aid of certain salts. It dissolves in dilute hydrochloric, snlphurlc " 
and acetic acids (/), and In the aqueous alkalis (2), with evolution o'f hydropea; 
in very dilute nitric acid, without evolution of gas (3); In moderately dilate 
cold nitric acid, mostly with evolution of nitrous oxide ((); and, in somewfaat 
less dilute nitric acid.chiefiy with evolution of nitric oxide (S). Concentrated 
nitric acid dissolves zinc but slightly, the nitrate being very sparingly soluble 
In nitric acid (Montemartini, Gaz:Ma, 1893. 22, 277). Hot concentrated aul- 
phuric acid dissoWes it with evolution of sulphur dioxide (6). 

(?) Zn -I- H,SO. = ZnSO. -|- H, 

(2) Zn ->r 2K0H = K,ZiiO, -|- H, 

(3) 4Zn -H lOHNO, = 4Zn(N0,), + NH.NO, Jr 3H,0 
(^) 42n-|- lOHHO. = 4Zii(N0.). -f- N,0 -|-5H,0 

(5) aZn -1- 8HN0, = 3Zii(N0.). + 2N0 -|- 4H,0 

(6) Zn -I- 2H,S0, = ZnSO. + SO, -|- 2H,0 

(6) Oxide and Hi/rfroi^r.— All the agents which dissolve the metal, disaalTQ alao 
its oxide and hydroxide. 



•Hmr and Robbs, C. iV., 1889, 4B, SB. 
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(e) Salia. — The chloride, bromide, iodide, chlorate, nitrate (6aq), and 
acetate (7aq) are deliquescent; the sulphate (7aq) is efflorescent. The 
chloride is readily soluble in alcohol in all proportions (Kremera, Fogg., 
1862, 115, 360). The sulphide, basic carbonate, phosphate, arsenate, 
oxalate, and fcrrocyainide are insoluble in vater; the sulphite is sparingly 
soluble. The ferrocyanlde is insoluble in hydrochloric acid (Fahlberg, Z., 
1874, 13, 380). The sulphide is almost insoluble in dilute acetic acid (sepa- 
ration from HnS). All zinc salts are soluble in EOH and NaOH except 
zinc sulphide, and all in SKflB. except ZnS and Zn,I'e(Cn)a . 

6. Beaotiona. a. — The alkali hydrozldea precipitate zinc hydroxide, 
Zn(OH), , white, soluble in excess of the precipitant forming an alkali 
zincate : 

ZnCl, + SEOH = Zii(OH), + SKCl 

Zii(OH), + 3K0H = EiZnO, + 2H.0 

ZnOl, + 4NH.OH = (NH.),ZnO,+ 3NH,Cl-|- aH,0» 

The precipitate of zinc hydroxide dissolves more readily in excess of the 
alkalis at ordinary temperature than when heated. Unless a strong excess 
of the alkali be present, boiling causes a precipitation of zinc oxide, more 
readily from the solution in ammonium hydroxide than in the feed 
alkalis. The presence of other metals — as iron or manganese— makes 
necessarj^ the use of much more alkali to effect solution. An alkali solu- 
tion as dilute as te,"-'.!. ...irmal does not dissolve zinc hydroxide, no matter 
how groat an excess be added (Prescott, J, Am. Soc, 1880, 2, 29). 

Alkali carbonates precipitate the basic carbonate, Zii^(OS.)f{C0^)j , white, 
fioluble^n ammonium carbonate, readily in alkali hydroxides (Kraut, Z. 
anorg., 1896, 13, 1). Carbonates of Ba, Sr, Ca, and Mg have no action 
at ordinary temperatures (separation from Fe'", Al, and Cr"'), but upon 
boiling precipitate the whole of the zinc. 

b. — Allcali CTanides, ns KCN , precipitate zinc cyanide. Zti(CN), . white, 
soluble in excees of the precipitant. Alkali ferrocyanldea, as K,re(CN). , 
precipitate zinc ferroc3'an]de, Zn,?e(CN), , white {5c). Alkali ferricyanides, 
as ^F»(CN), , preeipitnte zinc ferri cyanide, Zn,(I'e(CN),), , yellowiBh. r.— 
See M. d.— Sodium phosphate, NaiHPO. , precipitates Thw phospltate, soluble 
in alkali hydroxides and in nearly all acids. 

e. — Eydrotnlphnrio acid precipitates a part of the zinc from neutral 
solutions of its salts with mineral acids, and the whole from the acetate; 
also from other salts of zinc, by addition of alkali acetates or monochlor- 
acetic acid, in small excess (separation from ICn , Co , Ni , and Fe) (Berg. 

, •OHtwxIilIncIinei to tbe view that the solubUltir In ITH,OII li dus to the tormatlon of a 
complex ftmmonlum-zino [on (Bf tentlflo Foundations, p. IGl ; see also second OemiaD edition, p. 
MTi. The tact that KH.CI predpllalea Zb(OH), from tte solution In fliod alkali, and on further 
■ddltloD redlssoLves It tuid also tbat NH4CI hlnderB precipitation bj heat from the KmmontaonI 
sa.uUon of tfao hydroxide Bpesks aealnst the assamption tbat solution In the latter case arises 
trom the foimatlon of a ilncate. 

" " O" 
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Z., 1886, 26, 513): ZaC!, + aKC,H,0, + H,S ^ ZnS + 2KC1 + 
SHCjHjO, .• That is : Zinc sulphide is not entirely soluble in dilute acidsj 
though much more soluble in mineral acids than in acetic acid. The 
precipitate is vhite vhen pure. Alkali anlphides completely precipitate 
zinc as eulphidt, both from its salts with acids and from its soluble com- 
binations with alkalis. 

Concentrated Rolutions of sodium sulphite precipitate aolutiona of zinc salts 
OS basic ziuc sulphite: or if the solutions be too dilute for immediate prpi^ipItiL- 
tion, boiling will cause the immediate formation of the bulky white preeipitete 
of the basic sulphite (Seiibert, Arch. Pharm.. 1S91, 289, 316), ^— If a hot eon- 
centroted zinc chloride solution be treated with ammonium hydro\ide until 
a precipitate begins to form, a basic chloride, 2ZnCl,.9ZiiO . will aeparate out 
upon cooling' as a white precipitate (Habermann, if.. 1684, 5, 432). 

g. — Zinc salts are precipitated by solutions of alkali Mrseiiltee and arssnatea, 
forming reapeetively zinc arsenite or araenate, white, RelatinouK, readily solu- 
ble in alkalis and acids, including: arsenic acids. ft.^Normal potassium chio- 
mat« forms, with solutions ot zinc salts, a yellow precipitate readily soluble 
In alkalia and acids, including chromic acid. No precipitate is formed with 
K,Cr,0, , 

7, Ignition. — With sodium carbonate, on charcoal, before the blow-pipe, com- 
pounds of zinc are reduced to the metallic state. The metal is vaporized, and 
then oxidized in the air. and deposited hh a non-volatile coatintr, yellow when 
hot and white when cold. If this eoatinif. or zinc oxide otherwise prepared, 
be moistened with solution of cobalt nitrate and again ignited, it assumes a 
green color (Bloxam, J. C, ISfiS, 18, 98). With borax or microcosmlc salt, zinc 
compounds give a bead which, if strongly saturated, is yellowish when hot, 
a ad opaque white when cold. 

8. DeteotiiHi. — After the removal of the first three groups, the Zn is 
precipitated with Co , Ifi and Un from the ammoniacal solutions by H,S . 
Digestion of the precipitated sulphides with cold dilute HCl dissolves the 
Mn and Zn as chlorides. The solution is thoroughly boiled to expel the 
HjS and the zinc changed to NaiZnO: by an excess of HftOH , which precipi- 
tates the maDganese as the hydroxide. From the alkaline filtrate HjS gives 
a white or grayiah-white precipitate — evidence of the presence of Zn . 

g. Estimation. — (J) Zinc is weighed as an oxide, into which form it Is 
brought by simple ignition if combined with a volatile Inorganic oxyscid. 
otherwise it should he changed to a carbonate and then ignited. (2) It is 
converted into a sulphide, and after adding powdered sulphur it is ignited in 
a stream of hydrogen or hydrogen sulphide, and weighed as a sulphide (Kunzel, 
Z., 1863, 2, 3T:i). {H) It may be converted into ZnKH.FO,, and, after drying 
at 100°, weighed. Ignition converts it into Zn,P,0, , with slight loas of rinc 
(<) Volumetrically, by converting Into ZnjPB(CN), and titrating with potas- 
sium permanganate or by using FeCl, acidulated with HC,H,0, aa external 

* In the equatloa for scetic acid, ab = ke. m and b. the concentratloas of the tt and C,lt,Oa 

ions respectively, are small. = 1b lartre, and k, the so-called "dissocItttlon-cOBflfant^" to which 
the strength of thtiacldfa proportional. Is very small. But addition ol the fullr-dlsKicIated 
WHllum acetat« tn tho Ukewliw completely-Ionized hydrochloric acid gives a Bolation oontatDlng' 
the Ions In very large concr Titration Kud pnctlcally none of the non-disBoclated acetic acid. 
To restore equlllbrluni the H Ions of tho SCI unite with the ncotlo lonaof the sodium acetate, 
leaving Na and CI Ions In the solution. The dlsplBcemont of a weak acid from Its salt by a 
■trong one lies then not so muoh In an attraction uf the strong acid by the base aa In the ten- 
dency of the weak acid to form Iho ni 
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jndii-ntnr (Voigt. Z. angrir. 1889, .107), (J) Dy pr^clpltatiOD as Zii,(F«(CH),), , 
treatin;; the precipitute with potaiusiLiiii 1<k1>iI(> iind titratiug' the lil>eriiteil iodine 
(Mohr, inmjf., IB5H, 48, liri). (6) iiy titration In hydroi-hlorii- utid Holiition 
with E,Fe(CN), , using a uraiiiiim-.Balt ns an inditator (Fuhlberff, Z., 1M74. 13, 
;i7"J; KoiiiiK-k end Prost, Z. niiyrir., 1H«6, SUS). (7) By titration in alkaline 
solution with Na,S , using a topper nult as an indiftitor. (S) The /Inc Is pre- 
cipitated as ZnHH.AsO, . the precipitate decciiniKiBeil with HI nnd the liber- 
ated iodine titrated with standard Na,S,0, (Meade. J. im. Soe., ItfOO, 82, 35:(). 

10. Oxidation. — Metallic zinc precipitates the free metal from solutions 
of Cd , Sn , Fb , Cn , Bi , Hg , Ag , Ft , Av , Ab , Sb , Te , In , Fe ', Co , 
Ni, Pd, Eh, It, and Os (Cmelin-Krauf, Haixdhuch, IPT.-), 8, 6). Ziiie 
with copper (zinc-cop])er cou|ilc, used in water analysis) reduces nitrates 
and nitrites to ammonia, chlorates to chlorides, iodatee to iodides, ferri- 
cyanides to ferrocyanides, etc. (Thorpe, J. C, 1873, 26, 541). Solutions 
of ehromates are reduced to chromic salts, ferric salts to ferrous salts, 
and compounds of manganese having more than two bonds are reduced to 
the dyad in presence of some non-reducing acid. Zinc is precipitated aa 
the metal from acetic solutions by Hg (Warren, C. N., 1895, 71, 92). 
The oxide ia reduced to the metal by heating in a current of hydrogen 
(Deville, A. Ch., 1855 (3), 43, 477). 
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51S7. TABLE FOR ANALT818 OF THE ZINC OROVP. 183 

§137. Table fob Analysis of the Zinc Grottp (Fodrth Group) 
(Plioapliatu and OzslatM being abunt). 

Into the clear anunonlftcal flltrat« from the Third Gronp pass HYDROSUL- 
PHURIC ACID GAS, and If a precipitate appears, warm uutll it subBides. 
Filter and waah with a one per cent solution of NH,C1 . (Test filtrate, in 
which H,8 ^vea no precipitate for the Fifth Oroup.) 
Precipitate: CoS , NIS , HnS , ZnS . 

Treat on the filter with co\4 dilute Hydroctalorle Add. 



B««idn«: CoS, NIS* (bl«k). 



For Cobalt: 
Dissolve in nitro- 
hfdrochioric 
acid, evaporate 
and add NaHCO, 
and H,0,: warm 
gentlf and filter. 
A green color to 
the filtrate indi- 
catea cobalt 
(!140). 

Teat the black resi- 
due with the 
borax bead (bine 
color characteris- 
tic of cobalt, 
!13S, 7). 

If anfllcient nickel 
be preaent to ob- 
scure the bine 
bead (il33, 7). 
dissolve the aul- 
phides in nitro- 
hydrochloric aeld. 
e va pora te H n d ad d 
an excesB of ul- 
teoaa-ft -naphthol 
in acetic acid so- 
lution (tl32. &C): 
filter, waxh and 
test the briek-red 
precipitate with 
the borax bead. 



Study tl32, 6c. 
9138.9138,9139, 
El 40. 1141. 9144, 
E14S and H. 



For Nlckftl: 
Dissolve the sui- 
phides in nitro- 
hydrochloric 
acid, evaporate 
and add an ex- 
ceaa of nitroso-^ 
naphthol in acet- 
ic solution to re- 
move the cobalt 
9132, 86). Filter 
and add 
trate ammonium 
hydroxide till al- 
kaline, filter and 
to the filtrate 
add H,S. A black 
precipitate, HIS, 
indicates nickel. 
)r: Dissolve the 
CoS and HIS, 
add 

hot EOH and 
Br, boil, flitpr 
wash (until iil- 



Bolutioii: KnCl, , ZnCl,(H,B,HCl). 

BM the mlullon thoroughly to remotm the 
H,S , cool, and add a decided exceas 
of potassium or sodinm hydroxide and 
digest without warming (9136, M). 
Filter and wash. 



precipiti 



vith 



A^NO,), udd 
lutioT' uf hot KI 
and test the fil 
trate with C83 
If free iodine ap- 
pears, nickel is 
present (9 133,6/). 

Study the text at 
9133. (ill. b, e and 
f: 9132, 6b and c: 
!il36, 9138, 9130, 
9140.9141.9144. 
9146 and ff. 



Freclpltate: 

Mii(OH),* 



acid and boil 
with an excess of 
PbO, and HNO,. 

Violet solution 
(HJInO.) indi- 
cates manganese 

(characteristic 
reaction, 9134, 
6c). 

Dark -colored oriff- 
inal solutions in- 
dicating an alka- 
li salt of manga- 
nese should be 
reduced by 
warming with 
HCl before pro- 
ceeding with the 
analysis (9134, 
5c and 6/). 



Confirm by study 
of the text. 9134. 
7. 9136. 9138, 
9139, 9142. 9143. 
9144, EMS and 
ff. 



E,ZiiO,. 

Test for Etno by 
adding H,8. A 
white precipitate 
(ZuS) Indicaiea 



Study the text at 
9135, 6(1 and e, 
|!136. 9138. 9139, 
9142.9143.9144, 
9145 and ff. 



184 DIRECTIONS FOR ANALTBI8 WITS NOTES. §188. 

Directions fob the Analysis of the Metals of the Fourth GRotp. 

§138. Kanipnlation. — Into the warm strongly ammoniacal filtrate from 
the third group (§128), H^S gas is paeeed until complete precipitation is 
obtained: 

KiiCl,.2NH,Cl + 2NH,OH + B,S = UnS + ^NH.Cl + 3H,0 
(NH.),ZnO, + 2H,8 = ZnS + (NE.)^ + 2MJ> 
The solution is warmed until the precipitate subsides, allowed to stand 
for a few minutes, and is then filtered and the precipitate washed with 
hot water containing about one per cent of NH,C1 (J;139, 2). The filtrate 
should be again tested with HjS and if complete precipitation has been 
obtained it is set aside to be tested for the metals of the succeeding groups 
(§191). The well washed precipitate of the sulphides of Co , Ni , Mn , and 
Zn is digested on the filter or in a test-tube with cold dilute HCl (one part 
of reagent HCl to four of water) : MnS + 2HC1 = MnClj + H,S . The 
black precipitate remaining undissolved contains the sulphides of Co and 
Hi, the filtrate contains Hn and Zfl as chlorides with an excess of HCl 
and the H^S which has not escaped as the gas. 

fil39. Soles. — (I) Instend of pBsaingf the H,B into the ammoTiiacal solution, a 
frefllily prepared Bohition of arnitioniiim aulphide may be used. The yellcur 
ammonhini sulphide, (NH,),B, , should not be employed to precipitate the 
metals of the fourth group, as nickel sulphide is quite appreciably soluble in 
that reagent (E133, 6e). 

(3) The sulphides of the fourth ^roup, especially UnS and ZnS , should not 
be washed with pure water, as they may be changed to the colloidal sulphides, 
soluble in water. The presence of a small amount of NU.Cl prevents this, and 
does not in any way interfere with the analysis of the succeeding groups. 

(3) If the precipitates are to be treated on the filter with the dilute HCl, 
the acid solution should be poured on the precipitate three or four times. For 
digestion in a test tube, the point of the filter is pierced and the precipitate 
washed into the test tube with se little water as possible. 

(i) The sulphides of Co and Ni are not entirely insoluble in the cold dilute 
ECI . and traces of them may usually be detected in the precipitate for Mn. 
(5137. footnote). 

(S) Dilute acetic acid readily dissolves HnS but scarcely attacks ZnS (!13K> 
6c). If desired, dilute acetic may be used, first removing the Hn and then 
adding dilute HCl to dissolve the Zn . 

(S) If large amounts of iron are present, a portion of the Kn will always 
appear In the third group (S184, Ga), and is detected by the green color of the 
fii-sed mass when testing for Cr: nHn(OH), -f 4EN0, -f- Na,CO, = 2K,Ii:iiO, + 
Na,HnO. + 4N0 + CO, + .1H,0 . Too much HNO. in the oxidation of the 
iron favors this precipitation of Hn with Pe'" due to the oxidation of the Hn to 
the triad or tetrad combination. 

§140. Hanipulation. — The black precipitate of cobalt and nickel sul- 
phides shonld first be tested with the borax bead (§141,5) for the blue 
bead of cobalt (delicate and characteristic but obscured by the presence 
of an excess of nickel (§132, 7)). The sulphides are then dissolved in hot 
HCl , using a few drops of HKO, (§141, 1), and boiled to expel excess of 
HNO, : 6CoS + 12HC1 + 4HH0, = 6CoCl, + 3S, + 4H0 + 8H,0 . 
Divide the solution into three portions: To one portion of the aolotion. 
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add an excess (§142, S) of nitroso- j9-Haplithol, filter, and wash with hot 
water and then with hot HCl (§132, Gb). Teat the red precipitate with 
the borax bead for cobalt, liender the filtrate ammoniacal, filter again 
and test this last filtrate with HjS for the black precipitate of HiS (§133, 
6b and b). To another portion of the solution add HaHCOj in excess, 
then add HjO, , warm and filter, a green color to the filtrate indicates 
cobalt (§132, 10). The third portion of the solntion is boiled with an 
eicesB of NaOH, bromine water (10, §§132 and 133) is added and the soln- 
tion is again boUed. The black precipitate of the higher hydroxides 
{§141^.4) of Co and Ki is thoroughly washed with hot water and then 
treated on the filter with hot solution of EI (§133, 6f), catching this last 
filtrate in a test-tube containing CS, (§141, 8). Free iodine is evidence of 
the presence of nickel. 

{141. Note*.—il) HNO, interferes with the nitroBo-yJ-napbthol reaction that 
followB the solution of the sulphides of Co and Nl , hence an exeess is to be 
«Toided. A cryBtal of KCIO, majr be used instead of HNO, . 

(2) If an insuRlcieat amount of nitroso- fJ-naphthol has been used a portion 
of the cobalt may be in the filtrate and will give the black precipitate for 
nickel. Tbe filtrate must be tested with the reag'ent to insure complete 
remoTal of the cobalt. 

(3) Teat with the borax bead as follows: Make a small loop on the end of a 
platinum wire, dip this loop when hot into powdered borax, and heat the 
adhering mass in the flame until a uniform transparent tflassy bead is obtained. 
Repeat until a bead the Eiize of a kernel of wheat has been made. Bring this 
hot bead into contact with the preeipitnte or solution to be tested and fuse 
ngTiin In the burner flame. Allow the bead to cool and notice the appearance. 
A deep blue indicates cobalt, obscured, however, by a lorpe excesH of nickel. 

(1) The nickel and cobalt may also be oxidized for the KI test as follows: 
Add fite or ten drops of bromine to the solution to be tested in a beaker, 
warm on a water bath under the hood until the bromine is nearly all eiqielled, 
then add rapidly an excess of a hot saturated solution of Na.,CO, . The black 
precipitate so obtained will filter rapidly. 

(.i) The test for nickel by adding KI to the mixed hipher oxides of cobalt 
arTd nickel is characteristic of nickel and is also a very dellcBts test. Fully 
aine-tenths of the cobalt salts sold for chemically pure, show (he presence of 
nickel by this test. 

(6) In the reaction of nickelic hydroxide with potasalum iodide some potas- 
sium iodate is formed and a. ftreater amount of free Iodine will be obtained if 
a drop of hydrochloric acid be added to the filtrate: KIO, + 5KI + 8HC1 = 
31, + 6KC1 + 3-B,0 

(7) If the sulphides of Ni and Co be digested with yellow ammonium sul- 
phide, a portion of the NtS will be dissolved (£133, 6e) and may be reprecjpi- 
tated as a fjraj precipitate (black with free sulphur) upon acidulating: the 
filtrate with acetic acid. It is not a delicate test. 

§141!. Manipulation.— The solution of the sulphides of manganese and 
zinc in cold dilute hydrochloric acid is boiled thoronghly to insure the 
removal of the kydrosulphuric arid (§143, 1), cooled (§136, 6a), and then 
treated with an exceee of sodium hydro.'tide. The zinc forms the soluble 
sincate, Na^ZnO, , while the manganese is precipitated as the hydroxide, 
white, rapidly turning brown by oxidation : 

XnCI, +2NaOH = lIn(OH), -H 2K01 -. . 

EbCI, + 4Na6H = Na,ZiiO, + 2HaCl + S^O CjODglC 
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Filter and test the filtrate with H^S , a white or grayish-white precipitate 
indicateE zinc (characteristic). DisBolve the well washed precipitate o( 
]bL(OH)i in nitric acid and boil with an excess of lead peroxide, adding 
more nitric acid. A violet color to the nitric acid solution indicates the 
presence of manganese (very delicate and charaoteriBtic) : 

8Mn(0H), + 5PbO, + lOHNO, = 2HMnO, + 5Pb(N0,), + 6H.0 

{143. Notes.— t. If the H,8 is not completely removed the Zn will \n- pre- 
cipitnted as the sulphide upim adding' the NaOH . and will not be separsiied 
from the manganese: ZnCl, + H,a + 2NeOH = ZnS + SNaCl + 2H,0 . 

8. Frequently the precipitate of zinc Buiphide is dark gray or almost blnok. 
This is uauBllj' due to the presence of traces of other HUlphides. If iron ban not 
been all removed, through failure to oxidize completely with the nitric acid, 
it may appear as a precipitate with the manganese, and also as a black precipi- 
tate with the zinc sulphide. 

3. Small amounts of Co and Ni are frequently dissolved by the cold dilute 
HCl and will appear with the precipitate of Mii(OH), . They do not interfere 
with the final test for manganese. 

i. The precipitate of Hn(OH), must be washed to remove all the chloride, 
SB the manganese will not be oxidized to permanganic acid until the chloride 
1b completely oxidized to chlorine. 

5. Instead of PbO, , red lead, Pb,0. , is frequently employed with the nitric 
acid to oxidize the manganese to permanganic acid: 

ZMn{OH), + 5Pb,0. + 30HNO, = zHMnO. + J5Pb(N0,), + 16H,0 

6. It is very difficult to procuie PbO, or Pb,0. which does not contain tracea 
of manganese. The student should always boil the lead oxides with nitric acid, 
and if a violet-colored solution is formed, this should be decanted and the 
operation repeated until the solution is perfectly colorless after the black 
precipitate of PbO, has subsided. Then the unknown solution In uMO, may 
be added and the boiling repeated to teat for the manganese. 

7. The student is not advised to apply the permanganate teat to the original 
Bubstancea All reducing agents interfere, and UnO, frequently fafia to give 
permanganic acid when boiled with PbO, and HNO, until after reduction 
18134. 60). 

Analtbis op Ison and Zinc Geoups after Phbcipitation bt Ammonidk 
Sulphide. 
§144. It is preferred by some to precipitate the metals of the third 
and fourth groups together, by means of ammoninm aolphidc; using 
ammoninffl chloride to prevent the precipitation of magnesium (§189, 5ft 
and 6a), and to insure the complete precipitation of the aluminum as the 
hydroxide §124, 6a). In the manipulation for this method of separation, 
the HjS is not removed from the second group-filtrate, nor is nitric acid 
used to oxidize any iron that may be present. To the second group fiUraU 
(§80), warmed, an excess of NH.Cl is added (§189, he), then JSTH.OH till 
strongly alkaline, and, paying no attention to any precipitate that may be 
formed (6a, §§124, 125 and 126), normal ammoniam Bolphide is added (or 
what is equivalent H,S is passed into the alkaline mixture). Alnminiiin 
and ohromiTim are preciiiitated as the hydroxides, the remaining metals as 
the sulphides. The following table illuatrates a plan of separation of the 
ammoninm Bulphide ])recipitates of the third and fourth group metals, 
phosphates being absent ; 



§144. 
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§145. The presence of phoBphatei greatly complicates the work of the 
analysiB of the metale of the third, fourth, and fifth groups. The phos- 
phates of the alkali metals are soluhle, those of the other metals inBoluble 
in water. As the Bolutiona for precipitation of first and second group 
metals are acid; phosphates remain in solution and do not in any way 
interfere with the analysis for the metals of those groups; t. «., eilrer 
phosphate in nitric acid solution is readily transposed by HCl ; copper 
phosphate in acid solution is readily transposed, by H^S ; etc, 

§146. When the filtrate from the second group is rendered strongly 
ammoniacal (§126) the phosphates of all the metals present, except those 
of the alkalis, are precipitated. Phosphates of cobalt, nickel and zinc are 
redispolved by an excess of ammonium hydroxide. Freshly precipitated 
ferric phosphate is transposed by the alkali hydroxides (incompletely in 
the cold). The phosphates of Al , Cr , and Zn are soluble in the fixed 
alkalis, the solution of chromium phosphate is decomposed by boiling, 
precipitating Cr(OH)„ and leaving the alkali phosphate!' in solution. 

§147. In anftlysia a portion of the filtrate from the second group (after 
the removal of the H^S) (§128) ahouhl he tc?ted for phosphoric acid with 
ammonium molvhdate (§75, 6d). If phosphates are present the usual 
molhods of analysis for third, fourth, and fifth groups must be modified. 
Several methods have been recommended: 

§148. First. — To the filtrate from the second group, HjS, being re- 
iHOTed (§128), an excess of the reagent ammonium molybdate is added, 
Ihe mixture set aside in a warm place for several hours, until the yellow 
jimmonium phoapho-molybdate has completely formed and settled 
(§75, firf). Filter and evaporate nearly to dTyness to remove the nitric acid. 
Take up with water and a little hydrochloric acid if necessary to obtain a 
clear solution, and remove the excess of molybdenum with HjS (§75, 6e). 
From this point proceed by the usual methods of analysis (§§127| 128 
and ff.). 

§148. Second. — Frecipitatipn of the phosphate as ferrio phosphate in 
acetic acid aolotion. This niethod of separation rests upon the fact that 
the phosphates of the fourtn, group and of the alkaline earths are soluble, 
and the phosphates of Al, Cr"' and Fe'", insoluble in acetic aeid. 

To the filtrate from the second group, freed from H,8 by boiling (128), 
and nearly neutralized with NagCOg , an excess of HaC,HaOi is added anJ 
tlien FeClj solution, drop by drop, as long as a precipitate is formed. 
Care must be taken to avoid an excess of FeCl, , as the ferric phosphate 
is soluble in a solution of ferric acetate. As soon as the phosphate is all 
precipitated the blood-red ferric acetate is formed at once, indicating the 
presence of a sufficient amount of FeClj . The mixture should be boiled 
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to precipitate the ferric acetate as basic ferric acetate (§126, 66) and at 
once filtered. 

FpoQ the addition of the sodiam acetate the alumiaum and chromiom 
ate precipitated as phosphates, prorided there be BufBcient phosphate 
present to conibine with them; if not the whole of the phosphate will be 
precipitated and the first drop of FeCl, will give a red solution showing 
the addition of that reagent to be unnecessary. 

By the above method of manipulation any iron present in the original 
solution is in the ferrous condition and does not react to precipitate the 
phosphate, ae ferrous phosphate is solvble in acetic acid. If the iron has 
been previously oxidized with nitric acid it will react with the phosphate 
upon the addition of the sodium acetate ; but if there be more iron present 
than necessary to combine with the phosphate, the red ferric acetate solu- 
tion will he formed with the excess of the iron and render the precipita- 
tion of the phosphate incomplete. In this case the previous oxidation of 
the iron is detrimental. 

If alkaline earth salts are present in quantity more than sufficient to 
combine with the phosphoric acid radical, not all of these metala will be 
precipitated with the third group metals upon the addition of ammoninm 
hydroxide. The table (§152) illustrates the separation of the metals m 
presence of the phosphates by the use of FeCl^ in acetic acid solution. 

§150. Third. — A method of separation of the third group metals with 
phosphates from the remaining metals is based upon the action of freshly 
precipitated barium carbonate. Solutions of Al ; Cr"', and Fe'" are pre- 
cipitated as the hydroxides by digestion in the cold with freshlv precipi- 
tated BaCO, (6a, g§124, 125 and 126): 2A1C1, + SBaCO, -f- 3H,0 = 
2A1(0H), -f- 3BaClj -f- 3C0j . Solutions of the chlorides or nitrates of 
the fourth group and of the alkaline earths are not transposed by cold 
digestion with BaCO, . Sulphates of the fouri;h group are transposed by 
freshly precipitated BaCO, in the cold: CoSO, + BaCOg = BaSO, -|- 
CoCO, , etc.; and must not be present in this method of separation 
(§126, 6a}. ^ 

If an excess of ferric chloride be present the phosphates will all be 
precipitated as ferric phosphate and the Al , Cr"' and excess of Fe'" as 
the hydroxides upon the digestion with BaCO, , The table (§153) gives 
an illustration of the use of the BaCO, in effecting the separation. 

It should be observed that presence or absence of FttCl, or of BaCO^ in 
the sample must be fully determined before their addition as reagents. 

§151. Ozalatet do not interfere with the usual course of analysis of the 
first two groups of metals ; with the other metals oxalates interfere very 
maeh' the same as phosphates. They, however, with other interfering . 
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organic matter, can readily be removed by ignition. If the presence nC 
an oxalate has been established (§§188, 66 and 227, 8), the second grou;) 
filtrate should be evaporated to dryness, moistened with concentrated 
itNOg and gently ignited. The residue, dissolved in HCl , is then readj 
for the usual process of analysis. For the analysis in presence of sihcates 
and borates the student is referred to the text under those elementa 
(§§249, 8 and 221, 8). 
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The Rarer Metals of the Iron Axn Zinx GRorre. 

Cerinm, Coinmbiiun (Xiobium), Didymium, Erbium, Oalllnm, Oluoinnm 

(Beryllium), Inditun, Laathaaaiii, Neodyminm, PTaseodymiam, Sama- 

rinm, Scandium, Tantalum, Terbinm, Thallinm, Thoriiun, 

Titaniam, Uraniam, Ytterbium, Tttrium, Ziroosium. 

§1M. Cerinm. Ce= 139.0. Valence three and four. 

Specific gravity, 6.628. MclU higher than Sb and lower than Ag (Hillebrandt 
and Norton, I'o'jy,, 1875, 166, 466). Cerium is a ooni|)iira lively rare nietul, never 
found native; it ia fouod in moDy minerals in Swetien, especially in cerite, 
wliich is chiefly a silicate of Ce, La, Ne , Fr, Al and Ze; also found in a 
brick-making clay near Frankfurt, Germany (Stroheeker, J. pr., 1886, (3), 33, 
133 and 360). It was first described in 1B03 by Klapruth, but in lNa9 Mosander 
showed the supposedly pure eerium oxide to consist of oxides of at least three 
metala: C« , Z<Ei , D (N« and Fr) {Fogg., 1842, 66, 303). The metal is obtained 
from the chloride. CeCl, , by electrolysis or by heating with sodium. It is a 
Gleei-gray, lustrous, malleable, ductile metal; fairly stable in air under ordinary 
conditions. When heated in air it burns with incandescence. It burns in CI, 
Bt and in vapor of I , B and F . Soluble in acids. Two oxides are known, 
Ce,0, and CaO, , forming two classes of salts, ecrous and cleric, the latter being 
less stable. Ignition in air or oxygen changes Ca,0, to CeO, . Ca,Oa ia white 
or grayish -white, soluble in acids and formed by igniting Ce,(GO,), r.Cs,(C,0,), 
or CeO, in an atmosphere of hydrogen. Cerous salts are white and form color- 
less solutions in water. Ceric oxide, CeO, , is yellowish-white, orange-yellow 
when hot, soluble in acids with dilflculty; the hydroxide disaolvea readily. 
Ceric salts are yellow or red, forming yellow solutions. Ceric hydroxide, 
Ce(OH),, diBBolvea in HCl with evolution of chlorine, forming colorless cerous 
chloride. Sulphurous acid decolorizes solutions of ceric salta, forming cerous 
Halts. Fixed alkali h^droztdea and ammonitun lulphlde precipitate, from 
solutions of cerous salts, the white cerous hjfdraride, turning yellow by absorp- 
tion of oxj-gen, with formation of ceric hydroxide. The precipitate is in- 
soluble in excess of the fixed alkalis (distinction from Al and Ql). The pre- 
cipitation is hindered by the presence of tartaric acid (distinction from 
yttrium). Ammoniaiu hydroxide precipitates a basic salt. Alkali carbonates 
precipitate cerous carbonate, soluble in excess of the fixed alkali carbonates. 
Oxalic acid forms cerous oxalate, white, from moderately acid solutions, soluble 
in hot (NH.),C,0. , but re precipitated on dilution with cold water. A con- 
centrated solution of K,SO, forms the double giilphale, K,Ce(80,), , white, 
spuringly soluble in water, insohible in K,SO, solution (distinction from (11). 
Na:B;0, does not precipitate cerium salts. BaCO, does not precipitate ceroua 
salts in the cold, but precipitates them completely on boiling. Ceric gttlls are 
completely precipitated by BaCO, in ihe cold. Alkali hypochlorites precipitate 
cerous salts as the yellow ceric hydroxide. If cerous nitrate be boiled with 
PbO, and HNO, , eerlo nltratf. a deep yellow solution is formed (delicate test 
for cerium). Cerium giv^s no absorption spectrum, but the spark spectrum 
shows several brilliant lines. 



§166. Colnmbinm (Niobinm). Cb — 93.7 . Valence five. 

Colatnbium usually occurs with tantalum in such minerals as cnlnmbite and 
tantalite; It is also found in tantalum free minerals as euxenite, pyrochlor, etc. 
The metal is prepared by passing the pentaK^hloride mixed with hydrogen 
repeatedly through a hot tube. It is a steel-gray lustrous metal, sprciftc 
irrarllff, 7.06 at 15.8°. By Ignition in the air it bums readily to the pentoxide. 
Not attacked by chlorine in the cold, but when warmed combines readily, 
forming CbOI, . The metal is not soluble in hydrochloric, nitric or nitvobydro- 
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chloric acids, but U readily soluble in hot concentrated anlphurlc ncid, forming 
a colorless solution (Itoscoe, C. N.. 1S78, 37, 35). It forms sevtrral oxides, CbO, 
CbO, and Cb,0, . Columbic acid (anhydride) Cb,0, , is a white powder, yellow 
when hot (distinction from tantalum); it is obtained by ignition of the lower 
oxides, or by decomposition of solutions of the salts by water or alkalis and 
tgniting-. CbO, , black, is prepared by strouffly ig-niting Cb,0, in a current of 
hydrogen. Cb,0, , not ton strongly ignited, is soluble in acids, from which 
solutions NH.OH and (NHJ,S precipitate colambic odd containing some am- 
monia. By mixing Cb,Oi with charcoal and heating in a current of chlorine, a 
mixture of CbOCl, and CbCl, is obtained. CbCl, is a yellow crvetalline solid 
(needles), melting at 194° and dietilline at 340.5° (Deville and Troost, C. r, 1S6T, 
64, 294). Upon treating the chloride with water. It is partially decomposed 
to columbic acid, a large portion rentaititng in solution and not precipitated 
by 19,80, (distinction from tantalum). Cb,0, not previously ignited dissolves 
in HP; which aohition when mixed with KP , the HP being in excess, gi>eg 
s double fluoride, 3KF.CbF,; if the HP be not in excess, a double oxy-fluoride 
is obtained, 2KP.CbOF. (Kruess and Nilson. B., 1887. 20, 1676). The potjissium 
columbium fluoride is much more soluble than either the corresponding tita- 
nium or tantalum compounds. Fusion of columbic acid with the alkalis gives 
the columbatea, the potagsium salt being quite soluble In water and In potas- 
sium hydroxide; the sodium salt is only soluble In water after removal of the 
excess of the aodium "hydroxide. From a solution of potassium colurobate, 
•odium hydroxide precipitates, almost completely, Mdium columbate, Cftrbon 
dioxide precipitates columbic acid from solutions of columbates. Soluble salts 
of Ba , Ca and Hg form white bulky precipitates with a solution of potassiuni 
columbate. AgNO, gives a yellowish-white precipitate, CnSO, a green pre- 
cipitate. Cb,0, in presence of HCl or H,SO, gives a blue to ftroim color with 
Sn or Zn, due to partial reduction of the Ch (distinction from tantalum)- 
Jf^ised with sodium meta-phosphate, columbic acid gives in the Inner flame a 
violet to blue bead; a red bead by *tddltion of FsSO, . 



816a DMvMiiiM — i ^"'^y°"^"°- Nd = 143.6. Valence three. 
8 . ajmi -j^ Praieodyminm. Pr= 140.5 . Valence three, 

BpetHflc i/ravitv, 6.544. Melts with greater dilflculty than C« or La . Present 
In cerite in Sweden and in monazite sand from Brazil. Didymium was reported 
about 1840 by Mosander, having been separated from cerium and lanthanum. 
In 188S Welsbach (M., 1885, 6, 477) separated didymium salts into two distinct 
salts, neodymium and praseodymium. By the absorption spectrum bands 
other chemists are of the opinion that the so-called didymium consists of a 
group of elements, nine or more (Kruess and Nilaon, B.. 1887, 20, 2166; Eieusa, 
A., 1892, 26B. 1). Concerning the separation of didymium compounds, see 
Dennis and Chamot (J. A.m. Boc.. 1897, 10, 799). By repeated fractionation of 
the nitrate (aeveral thousand times) Welsbach obtained a pale green salt and 
a rose-colored salt, ■which gave different spectra but which, united, gave the 
spectrum of didymium. Didymium oxide absorbs water to form the hydroxide. 
which absorbs CO, from the air. but does not react alkaline to litmus. The 
salts are soluble in water to a reddish solution. The saturated sulphate solu- 
tion does not deposit crystals until fieaied to hitiling: while lanthanum aiilpkatt 
prrripitateg from the saturated solution at 30°. Fixed alkalia precipitate the 
hydroxide; NSiOH , a basic salt; insoluble in excess, of the reagents. Alkali 
carbonates form a bulky precipitate, insoluble in excesa of the reagent, barium 
carbonate precipitates slowly but completely. Precipitation by alkalis is pre- 
vented by tartaric acid. Oxalic acid precipitates didymium salts completely, 
soluble with difficulty in HCl, The double potassium sulphate forms much 
more slowly and less' completely than with cerium. The salts give a distinct 
and cfiarncieriglic absorption spectrum. Consult Jones {Am.. 1B98, 20, 345). 
Scheie (Z. anorg.. 189B. 17, 319), Boudard (C. r., 1898, 126, 900), Demam; 
(C. r., 1B98, 126, 1039), and Brauner (C. H., 189S, 77, 161). 
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§187. Erbium. Er= 166.0. Valence three. 



Erbinm metal liae not been prepared. As oxide or earth it is described bjr 
Clere (C. r., 1880, 91, 381) as that yttrium earth the moat beautiful rosa 
colored. It forma a eharacieriatic absorption spectrum, and a apark spectrum 
with sharp linea in the orange and p^en. This earth has not been thoroughly 
studied and quite probably consiatB of the oxides of several metala (Boiabeu- 
dran, C. r., 1886, 102. 1003; Soret, C. r„ 18S0, 01, 378; Crookes. C. N., 1B86, 54, 
13), The oxide gives upon ignition an intense STeen light; It Is not fusible or 
Tolatlle. 



§168. Gallium. Chi = 70.0 . Valence three. 

SpeelfU) ffratilv, the solid, at 23° to 24.5°, S.gss to S.956; the melted, at 24.7°, 
6.069. Melting point. 30.15°; frequently may be cooled to 0° without again be~ 
coming solid. It Is a grayish-white metal, crystallizing in octahaedra or in 
broad plates. It is quite brittle and givea a bluish-gray mark on paper. It 
gJTes a very weak and fugitive flame spectrum; the spark spectrum shows two 
beautiful violet lines, 'mien heated in the air or in oxy^^en it is but slightly 
oxidized; does not vaporize at a white heat; soluble in acids and alkalis; 
attacked by the halogens (with Iodine only upon warming). In the Periodic 
System it is the EkaaiumJnum of Mendelejeff, who described the general prop- 
erties before the metal was discovered (C. r„ 1875, 81, 969). It occurs in zinc 
blende (black) from Bensberg on the Rhine; in brown blende from the 
Pyrenees; and in some American zinc blendea (Cornwall, Ch. Z., 1880, 4, 443). 
It ia prepared by electrolysis after previous purification of the ore by chemical 
methods. 4300 kiloa of the Bensberg ore gave S5 kilOH of pure gallium (Bois- 
baudran and Jungfleisch, G. r., 1878, 86, 4TS). The oxide, G*,0, , is a white 
powder obtained by igniting the nitrate. After strong ignition it is 
insoluble In acids or alkalis. It ts easily attacked on fusion with KOH 
or KHSO, . The alkAlla and the alk&li oarbonateB precipitate the salts 
as the hydroxide, perceptibly soluble in fixed alkali carbonates, more easily 
in ammonium hydroxide and in ammonium carbonate, and very readily in 
the iixed alkalis. Tartrates hinder the precipitation of the hydroxide. The 
salts of gallium are colorless and for the most part soluble In water. The 
neutral solutions upon warming precipitate a basic salt, dissolving again upon 
cooling. Excess of zinc forms a basic zinc salt which precipitates the gallium 
as oxide or basic a&lt. B&CO, precipitates gallium salts In the cold. KJ«(CN), 
gives a precipitate, Insoluble in HCl , noticeable in very dilute solutions 
(1-175,000). ^S does not precipitate gallium salts from solutions acid with 
mineral acids; from the acetate or in presence of ammonium acetate the irklte 
tutpMde. a«,S, , is precipitated; (1TH,),S precipitates the sulphide. Gallium 
chloride, OaCl, , ia a coloricss salt, melting at 75° and volatilizing at 215° to 
330°. The vapor density indicates the molecule to be (H,C1. , which decomposes 
toOad. at about 400° (Friedel and Kraft, C. r.. 18B8, lOT, 306), Upon evaporat- 
ing a solution of the chloride on a water bath the salt is perceptibly volatil- 
ized, not so if HJ90, be present. Gallium aulphate forms with ammonium 
■vilpbate an alum. For separation from other metals, see Boiabaudran, O. r, 
1882, BB, tlO, 503, 1192, 1332. 



§159. Olnoinum {Beryllium). Gl = 9.1 . Valence two. 

Sixrtflc ffraoity, 1.B5 (Humpldge, Proc. Roy. 8oc., 1871, 39, 1). Meltino point, 
below 1000 (Debray, A. Ch., 1855, (3), 44, 5). It is a white malleable metal, 
obUlnable In hexagonabie crystals (Nilson and Pettcrason, B., 1878, 11. 381 
and 906). It waa first discovered in 1797 by Vauquelin from beryl. It in 
stable in the air. does not decompose steam at a red heat, and at red heat ia 
•CMcely attacked by oxygen or sulphur. It ia a strongly positive element. 



196 lyoit'ir. §160. 

In general propertiee between ahiminum nnd the alkaline earths: as lithium 
la between the alkaline earths and the alkali metals. It should be classed 
with the alkaline earths. It is found in ehryaoberyl, Ol(A10,), , in phenakite, 
01;8iO, . and in some other silicates. It is prepared by heating thr chlorirli', 
QlCl, , with Na in a olosed iron crucible (Nilson and Pettersaon, I.e.); or bv 
heating the oxide, OlO , with Mg (Winkler, fl.. 1890, US, 120). The oxide, GIO. 
la obtained by igniting the hydroxide. It Is a white infusible powder, soluble 
in acids and in fl^ed alkalis. The hydroxide ia prepared by precipitating the 
salts with NH,OH , soluble in the firtd alkalis and in ammoiiiuia cnrLonaf. 
concentrated: precipitated on dilution and boiling (distinction and separation 
from Al). The metal is soluble in acids except that when in the compact 
form it ia scarcely attacked by HNO, . The hydroxide is soluble on continued 
boiling with KH.C1 , forming G1C1= . The more common salts of glucinnm are 
soluble in wnter to a solution liaving a sweetish taste. The carbonate and 
phosphate are insoluble, the oxalate and sulphate soluble, the existence of a 
sulphide is doubtful. Solutions of glucinum salts are precipitated bv the 
alkalis, the precipitate being soluble in excess of the fixed alkalis. The alkali 
carbonates precipitate the carbonate, soluble in concentrated ammonium car- 
bonate, reprecipitated on diluting, boiling and adding an excess of NH.OH 
(Joy, Am. 8., 180.1, (2), 36, an). The salts are not precipitated by H^ , but are 

Rrecipitated by (NH,)^ as the hydroxide. BetCO, does not precipitate 01 satis 
1 the cold, but precipitates them upon boiling. QlCl, melts at about 600° 
and sublimes at a white heat, forming- white needles. The oxide has not been 
melted or sublimed. Ql usually occurs as a silicate with aluminum. The 
mass is fused with alkali carbonate, acidified with HCl and the Al and 01 
chlorides filtered from the SIO, . An excess of ammonium carbonate precipi- 
tates both metals, but redisaolves the Ol . After repeating this separation 
several times pure glucinnm hydroxide, a'l(OH), , is obtained upon boiling oft 
the ammonia. The hydroxide thus obtained is ignited and weighed as the 
oxide. 



§160. Indium. In = U4.0 . Valence three. 

Speelftc ffravitp. 7.11 to 7.28 at 20.4°, MelliitB poffit, 176°. Indium was discoi- 
ered in Freiberg zinc blende by Reich and Richter {J. pr., 1863, B9, 441: 00, ITS; 
1864, 03, 4H0), by tiae of the spectroscope. It is found chiefly as sulphide, never 
native, in the Freiberg blende to the extent of about 0.1 per cent. It ia found 
in a. few other places, but in much smaller amounts (Boettger. J. pr., 1866, OS, 
26). In the preparation of indium the Freiberg zinc is dissolved in ECl or 
H^, , leaving an excess of the zinc. When nu more hydrogen is evolved, the 
mass is digested for a. day or more with the excels of Zn , whereby the indium 
Is obtained as a precipitate with Fb, Ca , Cd , Su , Aa, Te and Zn. This 
precipitate is dissolved in nitric acid and evaporated vrith sulphuric acid: then 
taken up with water separating from lead. The solution is precipitated with 
NE.OH , which precipitates the In and Fe; this precipitate is dissolved in 
SCI and boiled for some time with NaBSO. . The indium sulphite ia obtained 
OS a fine crystalline pcwder, which is treated with HNO. and B^SO, , forming 
indium sulphate, from which the melnl is precipitated by zinc (Bayer, A., ISTl. 
168, 378; Boettger, J. pr., 1869, 107, 39; Winkler, J. pr., 1867, 108, 376). Indium 
ia a grayish-white metal, very soft, makes o good mark on paper, is duotiie. 
easily fusible, less volatile than Zn or Cd. It is less electro positive than Zn 
or Cd and hence it is precipitated from its solutions by both these elements. 
In the air or in water it ia rather more stable than zinc. Heated in the air it 
burns with a violet flame and brown smoke, forming the oxide, ln,0, . Indium 
does not decompose water at 100°. At a red heat it combines with sulphur 
and the halogens. By ignition with charcoal or in a current of hvdrogen it is 
reduced to the metal from its compounds. It is soluble in HCl and B,SO.. 
evolving H; in HNO,, evolving NO. In the reactions of its salts indium 
deports itself quite similar to Fe'" and Al . Its most efiaracttristle property is 
its aiwctrum; two lines, an indium a, intense blue, and an indium 0, less 
intcnoQ violet (Schroetter, J. pr.. 186S, 9S, 441). IiiiOi is brown when hot. 



§164. LANTBAKVM-BAMAiaVM. 197 

light yellow when cold, alowlj soluble in cold ftcida, rapidly when heated. 
Indium Baits are precipitated by the alkalis us Zii(OH),, soluble \a excess of 
the fixed alkalis, reprecipitated by boiling or treating- wLtb NH,C1. Tartrates- 
prevent the precipitation by alkalis. Alkali carbonates precipitate tbe iudiuia 
earbonate, soluble in ammoiiium forbonate, but reprecipitated on boiliiifc', 
BaCO, carbonate precipitates the iiutiiim completely as a basic salt (separatiou 
from Co, Hi, Mn , Zn and Fe"). Phosphates form white precipitates from 
neutral Bolutlons. HjS precipitates from neutral solutions, or solutions acidi 
with acetic acid, yell ow indium sulphide. In alkaline solutions E^ . or in 
neutral solutions («±l,)jS , form,'; a wliitc precipitate containing In,S] . Yellow 
Tti^H, boiled with (NH,)^x becomes white and is partly dissolved. Upon cool' 
ing the solution a bulky white precipitate separates out. E,F«(CN), givps a 
white precipitate: E,CrO, t.'ivei, u yellow precipitate: K,Cr,0, . E)Fe(CN), and 
ECVS do not form precipitatcE. 

§161. Lanthaanm. La = 13S.6 . Valence three. 

Speetftc gravity, S.1C3. Melts somewhat higher than Ce. In general appear- 
ance and properties very similar to C« . It is prepared almost exclusivelj from, 
cerlte. By treating the mineral with an insutficient quantity of BNO, , a 
solution rich in Iia may be obtained. The cerium is precipitated from the- 
solution by alkali hypochlorite. The filtrate is converted into the sulphate and 
separated from Ne and Pr sulphatea by fractional crystallization, the latter 
being- more soluble (Holzman, J. pr., 1S5H, 75, 346). Fractional precipitation 
vrith SH.OH Is also used to separate I»a from Ne and Pr , the latter precipitat- 
iBg- first (Cleve, Si.. 1874, 21, 190; 18B3, 39, 287). The metal Is prepared from 
tbe chloride, LaCli , by electrolysis or by ignition with potassium. The igni- 
tion point of I>a is higher than that of C«; it ia also not so readily attacked 
by lUTOa . In cold water La is slowly attacked, but in hot water the action 
is violent (Winkler, B., 1800, 23, 787). The oxide, La^, , is a \vhitf powder. 
readily soluble in acids; with water it forms the hydroxide, La(OH), , which 
reacts nljtnltne towards litm us and absorbs CO.j from the air. I>a(OH), is 
soluble in a solution of ITS,CI (similar to ]Sg(OB),)- The salts are colorless. 
E.SOi and H,CiO. form precipitates with lanthanum salts as with cerium salts. 
Fix«d alkalis precipitate lanthanum salts as La(OH),, white, insoluble In 
excess of the reagent and not changing color on exposure to the air (cllatinc- 
tion from Ce). Alkali carbouatas precipitate X>a,(CO,), , insoluble in excess. 
XaCO, precipitates the salts completely in the cold. ITS.OH precipitates biiaic 
salts. HJS forms no precipitate; (inH,)J3 precipitates the hydroxidf. Lantha- 
num gives a number of characteristic lines in the spark spectrum (Bettendorf, 
A.. 1889. 266, 159). 

§162. Neodymiom. Nd = 143.6 . See Didyminm (§156). 
§168. Pra»eodyiniiim. Pr — 140.5 . See Lidymium (§156). 

§164, Samarinni. Sm — 150.3 . Valence three. 

Samarium was found in 1879 by Boisbaudran from didymium earths by its 
peculiar spectrum (C. r., 1879, 88, 323). According to Crookes (C r., 1886, 102, 
1464), it consists of at least two elements and is found in all yttrium earths. 
Its salts are light yellow, giving an absorption spectrum of six bands (Kruess, 
It., 1887, 20, B144). In its chemical properties it is more similar (o Nd and Pr 
than to T. It Is separated from Hd and Pr by the fractional precipitation of 
the bydroxide, basic nitrate, oxalate and sulphate; which separate before the 
corresponding Nd and Fx compounds. 
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§168. SoRiidiiuii. So = 44.1 . Valence three. 

It \b found to euxenite and g'adolinite with yttrium. Its name cornea from 
Scandinavia, where it was flrat found. It is separated from yttertrium, witi 
which it IB always closely associated, by heatinf^ the nitrates; the hasic scan- 
di\im nitrate being precipitated before the ytterbium basic nitrate, or by 
priL'ipitafing as the double potassium sulphate, the corresponding ytterbinm 
salt remaining in solution. The oxide, Sc,0, , is a white floeculcnt infusible 
powder, readily soluble in warm acids. The solutions of the salts show no 
absorption bands in the spectrum. The spark spectrum of the chloride giies 
over 100 bright lines (Thaten, C. r., 1880, 81, 45). Solutions of the salts taste 
Eis'cet and have an astringent action. The alkalis precipitate the hydroxide, 
a white bulky precipitate, insoluble in exceaa of the precipitant. Tartrates 
hinder the precipitation In the cold, but not upon heating. Na,CO, gives a 
bulky white precipitate, soluble in excess of the reagent. "Bfl is witbont 
action, but (NH,)^ precipitates the hydroTide. K^O, precipitates the double 
scandium sulphate, 3K30t.Sc,(S0i), , soluble in water but not in a satnrated 
K.fiO, BOlutiOQ. 



§166. Tantalum. Ta =: 182.8 . Valence five. 

Tantalum occurs in tantalite and columbite, silicates, nearly el^raya ac- 
companied by columbium. It is prepared by heating the tantalum alkali 
fluoride with E or Na in a well-covered crucible (Rose, Pogg.. 1856, 99, 65). It 
is a black or iron-gray powder with a metallic lustre. Specl/U; gravltg, 10.T5. 
Heated in the air it burns with incandescence to form T&.0, . It is insoluble 
in acids except HF, in which it dissolves with evolution of H . Upon ignition 
in a current of chlorine, TaCli, volatile, is formed. Solution of alkalis has 
□o action, upon fusion with the fixfd alkalis an alkali tantalate is formed. 
^a.,0, is a white infusible powder, specific gravity, g.Ol (Marignac, A. Ch., 1366, 
(4), 9, S54). The oxide fused with fixed alkalis gives also an alkali tantalate, 
KTaO, . When KOH is nsed, the fused mass is soluble in water. When NkOH 
ja used, water removes the excess of alkali, leaving the NaTaO, as a white 
residue, which dissolves in pure water, but not in NaOH solution. Tantalum 
chloride is a yellow solid, melting at 211.3° and boiling at 241.6°, with 75.'. 
mm. atmospheric pressure (Deviile and Troost, C. r„ 1B67, 64, 294). It is com- 
pletet.v decomposed by water, forming the hydratcd acid. SHTrO,.S!,0 = 
HiTa,'0, . The freshly precipitated acid is soluble in acids and rep recip itated 
by NH,OH . The acid is readily soluble in HF, which solution with KF forms 
a charncterigtlo double salt, aKF.TaFo , crystallizing in fine needles, insoluble in 
water slightly acidulated with HF (distinction and separation from colum- 
bium). A solution of alkali tantalate gives with HCl a precipitate of. tant alic 
acid, soluble in excess of the HCl . From this soluUon SH.OH or (N^);S 
precipitates tantalic acid; H^O, precipitates tantalic sulphate. Tartaric acid 
prevents the precipitation with NH,OH and (NH,)^ . A solution of tantalic 
acid gives no coloration with zinc (distinction from Cb). Solutiona of alkali 
tantalates form tantalic acid with CO, . The acid fused with Bodium meta- 
phosphate gives a colorless tiead (distinction from SIO,). which does not become 
blood-red upon adding FeSO, and heating in the inner flame (distlnctioD from 
titanium). 



§167. Terbium. Tr = 160. Valence three. 

The terbium compounds are very similar to the yttrium compounds. The 
salts are colorless and give no absorption spectrum. The double potassiun: 
terbium sulphate has about the same solubilities as the corresponding cerium 
compound, and so tbe terbium is frequently precipitated with cerium com- 
pounds. Terbia, Tr,0, , ie the darkest colored of the yttrium earths, soluble 

■ "" " " O" 
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in acids and Beta HH, tree from ammoniuin salts. The hydroxide is a 
gelatinous precipitate which absorbs 00, from the air. It is quite probable 
that terbia is a mixture of rare eartliB (Bolsbaudran. C. r., 1886, 102, 153, 395, 
483 and 899). 



§168. Thallium. Tl = S04.15 . Valence one and three. 

Thallium was discovered by Crookes by means of the spectroscope in 1861, 
in. selenium residues of the H,SO, factory at Tilkerode in the Hartz Mountains, 
Germany (C, A'., 1861, 3, 193, 303; 1963, 7, 290; 1863, 8, 159, 195, 219, 231, 243, 
S53 and 2'i\)), It is found widely distributed in many varieties of iron and 
copper pyrites, but in large proportions it is only found in Crookcsite In 
Sweden. This mineral contains as high as 18.55 per cent Tl (Nordenskjoeld, 
A., 1867, 144, 127). It is prepared by reduction from its solutions with Zn or 
Al; by electrolysis: by precipitation with EI , and then reduction by Zn or Al 
or by electrolysis. 6'peclflc gravity, 11,777 to 11.8 (Werther, J. pr., 1863. 89, 189). 
Melting point, 390° (Lamy, C. r„ 1868, 64, 1355). It is a bluish-white metal, 
softer thau lead, malleable and ductile; tarnishes rapidly in the air; may be 
preserved under water, which it does not decompose below a red heat; soluble 
in H,30, and HNO, , in HCl with great difficulty; combines directly with 
CI , Br , I , F , S , Se , and precipitates from their solutions Cu , Ag , "Rg , 
JLo, and Fb in the metallir. state. As a monad its compounds are stable, and 
not easily oxidized; bs a triad it is easily reduced to the univalent condition. 
Thallioua oxide. T1,0 , is black; on contact with water it forms an hydroxide, 
TIOH , freely soluble in water and in alcohol, to colorless solutions. The car- 
bonate is soluble in about 30 parts of water; the sulphate and phoEphate are 
soluble; the chloride very sparingly soluble; the iodide insoluble in water. 
Bydmchlorle acid precipitates, from solutions not very dilute, thalliotu 
chloride, TlCl , white, and unalterable in the air. As a silver-group precipitate, 
tballious chloride dissolves enough in hot water to give the light yellow pre- 
cipitate of iodidtt TU , on adding a drop of potassium Iodide solution, the 
precipitate being slightly soluble in excess of the reagent. H^ precipifctea 
the acetate, but not the acidified solutions of its other salts. (NH,)::B pre- 
cipitates TI;S , which, on exposing to the air, soon ONJdizes to sulphate. 
Fei-rocyanldea give a yellow precipitate, T1,P«(CN),; phosphomolybdlc add a 
yellow precipitate; and potassium permanganata a red-brown precipitate, con- 
sisting in part of TI,0, . Chromates precipitate j'eilow normal chromate; and 
plAtinlc chloride, pnlc orange. Ihallioug platiiUc chloride, Tl^Cl, . Thallium 
compounds readily impart an intense green color to the flame, and one emerald- 
green line to the BpectTum. (the most delicate test). The flame-color and 
spectrum, from Htnall quantities, are somewhat evanescent, owing to rapid 
vaporization. ThalUe oxide, Tl^O, , dark violet, is insoluble in water; the 
hydroxide, an oxyhydroxide, TIO(OE), is brown and gelatinous. This hydrox- 
ide is precipitated from thallic salts by the caustic alkalis, and not dissolved 
be excess. Chlorides and bromides do not precipitate thallic solutions: Iodides 
precipitate Til with I. Sulphides and H^ precipitate thallious gvtphidf, with 
sulphur. Thallic oxide, suspended in solution of potassium hydroxide, and 
treated with chlorine, develops an intense violet-red color. Thallic chloride 
and sulphate are reduced to thallious salts by boiling their water solutions. 



§169. Thorium. Th — 233.6 . Valence four. 

Thorium is a rare element found in thorite (a silicate), orangite and some 
other minerals. It .was described by Berzelins in 1R38 {Pngg., 182?, 16, 3S5), 
ivlio also prepared the met.'il by reduction of the potassium thoriiini fluoride 
with potassium, Tfae metal is a gray powder: gpcelflc gravity, 11.000; stable in 
air at ordinary temperature, but igniting when heated; attacked by vapors of 
CI , Br , I and S . Sparingly soluble in dilute acids, easily soluble in concen- 
trated acids; insoluble in tfae alkalis (Nilson, B., 18S2, 10, 2519 and 2537; Kruess 
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and NilBon, fl„ 1687, BO, 1665). Thorium forms one oxide, ThO, , upon i^ition 
of the oxalate. It is a snow-white powder, not easily soluble iu aoids if highlj 
ignited (Cleve. J., IHTl, 261). The hi/druttdi; TIl(OE), , is formed by precipiU- 
tion of the salts by the alkalis. It is a white, heavy, gelatinous precipitate, 
drying to a hard glassy mass. The cJilorlde, ThCl. , and the nih-ale, Th<NO,), , 
ire deliqiieseciit. The chloride is a white body melting at a white heat and then 
subliming In beautiful white needles (Kruess and Nilson, I.e.). The gulpHate 
is soluble in five parts of cold water. The carboiinle, oxalate and phonphatf are 
inRoliibte in water: the oxalatf is scarcely soluble in dihite mineral adds. 
Aj: "U hydroxides or sniphides precipitate thorium hydroxide, Th(OH),. 
ii^.,ihilile in cxcchb of the reagent. Tartaric and citric aeids hinder the pre- 
(ij.Uation. Alkali carbonates precipitate the basic carbonate, soluble in ex- 
oe;s. if the reagent be concentrated. The solution in (IIH,),COs readily repre- 
ci]iitates upon warming. BaCOg precipitates thorium salts completely. Oxalic 
acid and oxalates form a white precipitate (distinction from Al and Ol). not 
r^tiible in oxalic acid or in dilute mineral acids; soluble in hot concentrated 
(NHJiCjOi and not reprecipitatcd on cooling and diluting (distinction from 
Ce and La). A saturated solution of K^SO, slowly but completely precipitates 
a solution of Tb(SO,): , forming potassium thorium sulphate: initoliillf in a 
saturated E3SO, solution, sparingly soluble in cold water, readily soluble in 
hot water. HF precipitates ThF, . insoluble in excess, gelatinous, be com ing 
crystalline on standing. Boiling freshly precipitated Tli(OH), with EX" in 
presence of HP forms K,ThF,.4H,0 . a heavy fine white precipitate almost 
intolulile in water. The dUtini/uliiliIng reactions of thorium are the preripUalioit 
with oxalatea and with K^O, , and failure fn form a soluble compound oa 
fusion with Na,CO, (distinction from SIO, and TiO,). 



§170. Titanium. Ti = 48.15 . Valence three and four. 

Titanium is found quite widely distributed as rutile, brookite. anatase, 
tltaiyte, titaniferous iron, TeTiO, , and in many soils and clays. Xever found 
native. It is prepared by heating the fluoride or chloride with S or ITa. It 
is a dark gray powder, which shows distinctly metallic when magnlfled. Heated 
in the air it burns with an unusually brilliant ineandescrnct!; sifted into the 
flame it burns with a Minding triUiance. Chlorine in the cold is without action, 
when heated it combines with vivid incandescence. It decomposes water at 
100°. It is soluble in acids, with evolution of hydrogen, forming titanous 
chloride. At. a higher temperature it combines directly with Br and I. It is 
almost the onlti mrlal that combines directly with Hitrogen when heated in the 
air (Woehler and Devllle. .*., 1S57, 103, 2:!0: Merz, J. pr.. iaC6. 98. 157). The 
most common oxide of titanium is the dioxide, TiO. , analoj^ous to CO, and SiO.. 
It occurs more or less pure in nature as rutile. brookite and anatase; it is 
formed by ignition of the hyilrated titanic arid or of ammonium titanale 
(Woehler, J., Ifi49. 2fiH). Ignition of HOj in dry hydrogen gives TIA . an 
amorphous black powder, dissolving In H^O, to a violet-colored solution (Ebel- 
men, .4. Ch.. 1847. (3), 30, .192). TiO is formed when TiO, is ignited with Hg: 
BTiO, J- Kg = TiO + KgTiO. (Winkler, ft., 1890. 23, 2600). Other oxides have 
been reported. Titanic acid, TIO, , is a white powder, melts somewhat easier 
than SiO, , soluble in the alkalis unless previously strongly ignited. Mi.\ed 
with charcoal and heated In a current of chlorine TiCl,' ts formed. The 
bromide is formed in a similar manner. TIO, acts as a base, foinning b, series 
of stable salts; also as an add, forming titanates. TlCl, is a colorless liquid, 
fuming in the air; it boils at 136.41° (Thorpe, J. C, IHBO, 37. 329); it is de- 
composed by ir-itrr, forming titanic acid, which remains in solntion In the HCl 
present. Solutions of most of the titanic salts, when boiled, deposit the 
insoluble meta-fitanic acid. HF dissolves nil forma of titanic acid; it the- 
Rohilion be evaporated in presence of H,SO, no TIF, is volatilized (distinction 
from Sir.). When evapornled with HF oloue, TIF, ia volatilized. The double 
piilnnxiiiin liliinlum fimride. K;T1F, , formed by fusing TiO, with acid KF , is 
sparingly soluble in water (96 parts), readily soluble In HCl. Solutions of 
titanic salts in water or acid solutions of titanic acid are precipitated by 
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tJkali li7drozld«8, carboii&tM and aulpMdeg as the liydraUd titanic acid, insolu- 
ble ID excess of the precipitants and in ammonium ealta. XaCO( ^ves the same 
precipitate. K^o(CN). givea a reddish-yellow precipitate; KJ^(ON), a yellow 
precipitate. Nft^PO, precipitates the titanium aiiaagt campletelu, even in the 
presence of stroag HCl . An acid solution of TiO, when treated with Sn or 
Zs gires a pale blue to violet coloration to the solution, due to a partial rcduc/ton 
of the titanium to the triad condition. These colored Bolutions are precipitated 
by alkali hydroxides, carbonates and sulphides. HiS is without action. Tlie 
solution reduces f e'" to Pa" , Cu" to Cu' , and salta of Hg^ . Ag and An to the 
metallic state: the titanium becoming a^fain the tetrad. The reduction by Sn. 
or Zn takes place in presence of ET (distinction from coluinbic add). Titanium 
cDinpounds fused in the flame with microcoemic salt give in the reducing flame 
B yellow bead when hot, cooling to reddish and violet (reduction of the tlta- 
Dinm). With PeSO, in the reducing flame a blood-red bead is obtained. 

§171. Uraninm. Tr = 239.G. Valence four and six. 

SpKllto gracity, 18.G35 (Zimmermann. A., 1SB2, 213. 285). Melts at a bHght 
red heat (Peligot. A. Ch.. 1B69, (4), 17, 368). Found in various minerals: its 
chief ore is pitch-blende, which contains from 40 to 90 per cent of TT/), . 
Prepared by fusing UCl. with K or Na (Zimmermann, A., 1B83, 216. 1: 1886, 
232, 273). It has the color of nickel, hard, but softer than steel, malleable, 
permanent in the air and water at ordinary temperatures; when ignited burns 
with incandescence to IT.O,: unites directly with CI , Br , I and S when heated; 
soluble in HCl , H^O, and slowly in HNO, . Vranoug Ofld«, TTO, . formed by 
igniting the higher oxides in carbon or hydrogen, is a brown powder, soon 
turning yellow by absorption of oxygen from the air. Uranoua hydroxide is 
fomed by precipitating uranous salts with alkalis. Uraatc ortde. UO, , is 
formed by heating tiranic nitrate cautiously to 25°, and upon, ignition in the 
air both this and other uranium oxides, hydroxides and uranium oxysalts with 
volatile acids are converted into IT.O. = TJO^TJO, . Uranium acts as a base in 
two classes of salts, uranoua and uranyl salts. Vranous salts are green and give 
green solutions, from which alkalis precipitate uranous hydroxide, insoluble in 
exce ss of the alkali; alkali carbonates precipitate n(OH), , soluble in 
(KHJ.CO,; H-ith BaCO. the precipitation is complete even in the cold. H,S ia ' 
without action; (jrH.)J3 gives a dark-brown precipitate: K,Fe(CN), gives a 
reddish-brown precipitate. In their action toward oxidizing and reducing 
agents uranoug and uranyl (uranic) salts resemble closely ferrons and ferric 
salts; uranous salts are even more easily oxidined than ferrous Baits, e.g., by 
exposure to the air, by HNO, , CI, HCIO, , Br, KMnO. . etc. Gold, nilver and 
platinum salts are reduced to the free metal. The hevnd uranium (TT") acts 
as a base, but usually forms basic salts, never normal: we have TTOfNO,),, 
not U(NO,),; UO^O. , not UOSO.), . These basic salts were formerly called 
uranic salts, but at present (UO,)" is regarded as a basic radical and called 
arauyl. and lis salts are called uranvl salts, e.g., UOjCl, uranj-1 chloride, 
(UO,),<PO.), uranyl orthophosphate. Solutions of uranyl pnlts are yellow; 
KOH and NaOH give a yellow precipitate, uranates, K,tr-0, and Ha^TTiO, , 
Insoluble in excess. Alkali carbonatCK give a yellow precipitate, soluble in 
excess; BaCO, and CaCO, give UO, . H,S does not precipitate the uriinium, 
but slowly reduces uranyl salts to uranous salts (Formanek. A., ISOO, 2B7, 115). 
(1IH,),S gives a dark-brown precipitate. K,re(CN), gives a redd isli -brown 
precipitate. Used in the analysis and separation of uranium compounds 
(Presenius and Ilintz, Z. nngeir.. 1S95, 502). Sodium phosphate gives n yellow 
precipitate. The hexad uraninm acts as an ocid toward some stronger' bases. 
Thus we have K,U,0, and Na^UiO, , formed bv precipitating uranvl salts with 
KOH and NaOH: compare the similnr salts "of the hexad chromium, K,Cr,0, 
and Na,CT,Or. Other oxides <.t uranium are described, but are doubtless com- 
binations of TJO, and UO, . Zn , Cd , Sn , Ph , Co . Cu , Pe , and ferrous saHs 
reduce uranyl salts to uranous salts, fkilutions of 8n , Pt . An , Cu . Hg and 
Ag are reduced to the metal by metallic uranium (Zimmermann. I.e.). For 
method of recovery of waste uranium compounds, see Laube (Z. angeit., 198», 
S75). ■ - ■ O 
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§172. Tttepbirai. Tb = 173.2. Valence three. 

Obtained as aa earth by ^>&Hgnac (C. r., 18T8. 87, ST8) from a gadolinittt 
earth; by Delafontaine (C. r., ISTS, 87, 933) from aipylite found at Amherst, Va. 
Nilson (B., ISTS, 12, 550; 1880, 13, 1433) deBcrJbes its preparation from euxenite 
and itB separation from Sc . It has the loweet baciaity of the yttrium eartbii. 
The double potaMimn ytterbium anlpbate is easily soluble in water and in 
potassinm sulphate. The oxalate forms a white crystalline precipitsle. ia- 
Boluble in water end in dilute acidB. The salts are colorless and giv- do 
absorption spectrum. For the spark apectrum see Welabach (if., 1884, 6, !). 
The oxide, Yb,0, , is a white powder, slowly soluble in cold acids, readi ly u pon 
wanninfT. The hydroxide forms a gelatinous precipitate, insoluble in NH.OE 
but soluble in KOE . It absorbs CO, from the air. The nitrate melts in its 
water of crystallization and la very soluble in water. 

§173. Tttrinm. T z= 89-0 . Valence three. 

Yttrium is one of the numerous rare metals found in the g-adolinite mineral 
at Ytterby, near Stockholm, Sweden; also found !n Colorado (Hidden and 
Mackintosh, Am. 6'.. 1889, 38, 474). The metal has been prepared by electro- 
lysis of the chloride; also by heating the oxide. Y,0, . with Hg (Winkler. It., 
1890, as, 787). The study of these rare earths is by no means complete. It is 
also claimed that they have not yet been obtained pure, but that the so-called 
pure oxides really consist of a mixture of oxides of from five to twenty ele- 
ments (Crookes. C. N., 1837, BO, 107, 119 and 131). The most of these rare 
enrths do not p^ve an absorption spectrum, but K'^^ characturigHc spark spectra; 
and it is largely by this means that the supposedly pure oxides have been 
shown to be mixtures of the oxides of several riosely related elements (Wels- 
bach. M., ISS.'i, 4. 641; Dennis and Chamot, J. Am. 8o<:, 1897, IB, 799). Yttrium 
salts are precipitated by the alkalis and by the alkali aulphldea as the 
hydmadde, T(OH), , a white bulky precipitate, insoluble in the excess of the 
reafrents (distinction from Ql). The o^^(te and hydroTlde are rcndilv soluble 
In acids; boiling with NH.Cl causes solution of the hydroxide as the chloHde. 
■ The alkali carbonates precipitate the carbonate T,(CO,), , soluble in a large 
excess of the reagents. If the solution in ammonium carbonate be boiled, the 
hpdroride is precipitated. Soluble oxalates precipitate yttrium salts as the 
White oxalate (distinction from Al and Gl); soluble with some difficulty in 
HCl . The double sulphate with potassium is soluble in wnter and in potassium 
sulphate (distinction from thorium, zirconium and the cerite metals). BaCO, 
forms no precipitate in the cold (distinction from Al . re'". Or"', Th .Ob , 
Ia , Nd and Pr). Hydrofluoric acid precipitntes the gelatinous flvoride. YT, , 
insoluble in water and in HF. The precipitation of yttrium salts is not 
hindered by the presence of tartaric ncid (distinction from Al , Gl , Th and 
Zr), The analysis of yttrium usually consists in its detection and separation 
in gadolinite (silicate of T , Gl , Fe . Un . Ce and La). Fuse with alkali car- 
bonate, decompose with HCl , and filter from the SiO, . Neutralize the filtrate 
and precipitate the T, La and Ce as oxahitcs with (irH.),C,0, . Ignite the 
precipitate and dissolTc in HCl. Precipitate the La and Ce as the double 
potassium sulphnteN. nnd from the filtrate precipitate the yttrium as the 
hydroxide with HH.OH . Ignite and weigh ns the oxide. In order to effect 
complete separations the operations should be repeated several times. 

§174. Zirooninm. Zr = 90.4 . Valence four . 

Zirconium is n rare metal found in various minerals, chiefly in rircon, a 
Bilicate: never found native. The metal was first prepared by Beraelius in 
1834 by fusion of the potassium zirconium fluoride with potassium (Pojw., 1825, 
4, 117). Also prepared by electrolysis of the chloride (Becquerel, A, Cft., 1831. 
48, 3S7). The metal exists in three modiftcations: crystalline, graphltoidal and 
amorphous. The amorphous iiirconiiim is a velvct-blaek powder, burning when 
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heated In the air. Acids attack it bIowIj eren -Kbe-n liot, except HP , which 
diwolTeB it in the cold. It forms but one oxide, ZrO, , analogouti to 810, and 
nOi ■ ZrOj is prepared from the mineral zircon by fnaion with a fixed 
«lkalL Digestion in water remoTee the moat of the silicate, leaving' the 
lUtali ilrconate aa a sandy puwder. Digestion with HCl precipitatee the last of 
the 8iO, and disBolreB the ztrconate. The solution is neutralized, strongly 
diluted and boiled; whereupon the zirconium precipitates as the basic chloride 
free from iron. Or the zirconium may be precipitated by a saturated solution 
of K,SOi , and after resolution in acids precipitated by ITHtOH and Ignited 
to ZrO, (Berlin, J. pr., 1BS3. 58, 14S: Hoerdam.. C. C. 1B89, 533). ZrO, is a white 
infusible powder, giving out hq Intense white light when .heated; it shows no 
lines in the spectrum. It is much used with other rare earths, lia,0, , T,0, , 
etc, to form the maatleg used in the Welsbach gas-burneri (Drossbach, C. C, 
IBM, 772; Welsbach, /., 18S7, 2670; C. N.. 1887, 55. 192). The oride (or hydroxide 
precipitated hot) dissolves with difficulty in acids to form salts. The hydroxide, 
ZrO(OH), , precipitated in the cold dissolves readily in acids. As an acid, 
zirconium hydroxide, ZrO(OH), =^ H.ZrO, , forms zirconates. decomposed by 
acids. As a base It forms zirconium salts with acids. The iiilphatc is easily 
soluble in water, crystallizing from soliillon wKh 4H;0 . The phimphate is 
Insoluble in water, formed by precipitation of zirconium salts by Hft,HPO, or 
H,FO. . The tilieate, ZrO,.BiO, , is found In nature as the nrnernl zircon, 
usually containing traces of iron. Zlrmnium ehtorlde is formed when a current 
of chlorine is passed over heated ZrO, . mixed with charcoal. It is a white 
solid, may be sublimed, is soluble in water. Solutions of zirconium salts are 
precipitated as the hydro^iide, ZiO(OH), , by alkali hydroxides and sulphides, 
a w hite fiocculent precipitate, Insoluble in excess of the reagents, insoluble in 
NS,C1 solution (difference from 01). Tartaric acid prevents the precipitation. 
Alkali carbonates precipitate basic zirconium carbonate, white, soluble in 
excess of KHCO, or (NHJ,CO,: boiling precipitates o gelatinous hydroxide 
from the latter solution. BaCO, does not precipitate zirconium salts com- 
pletely, even on boiling. The precipitates of the hydroxide and carbonate are 
soluble In acids. Oxalic acid and oxalates precipitate zirconium oxalate, solu- 
ble in excess of oxalic acid on warming, and soluble in the. cold In (NH,),C,0, 
(difference from thorium); soluble in HCl. A saturated solution of K,80, 
precipitates the double potasKium zirrontum milpbaU, white, insoluble in excess 
of the reagent if precipitated cold, soluble in excess of HCl; if precipitated 
hot, almost absolutely insoluble in water or HCl (distinction from Th and Ce). 
Zirconium salts are precipitated on warming with lira,S,0, (separation from 
T, Nd and Pr). Solution of H,0, completely precipitates zirconium salts. 
Tumeric paper moistened with a solution of zirconium salt and HCl is colored 
nrange upon drying (boric acid gives the same reaction) (Brush, J. pr., 1864, 
62, 7). HF does not precipitate zirconium aohitions, as zirconium fluoride, 
ZrT, , is soluble In water and in HT (distinction from Th and T). 



The CALCinM GRorp (Fifth Group). 

(The Alkaline E.\RTn Metals.) 

Barium. Ba=: 137.40. Calcinm. Ca ^ 40.1 . 

Strontium. Sr = ST.GO . Ha^esinm. 1^ = 24.3 . 

§175. Like the alkali motab, Ba, Sr, and Ca oxidize rapidly in the air 
at ordinary temperatures — forming alkaline earths — and decompose wi^er, 
forming hydroxides with evolution of heat. My oxidizes rapidly in the air 
when ignited, decompoRcs water at 100°, and its oxide — in physical proper- 
ties farther removed from Ba , & , and Ca than these oxides are from each 

- - «lc 
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other — slowly anites with water without sensible production of heat. As 
compounds, these metals are not easily oxidized beyond their quantivalence 
as dyads, and they require very strong reducing agents to restore them 
to the elemental state. 

§176. In basic power, Ba is the strongest of the four, Sr somewhat 
stronger than Ca, and Hg much weaker than the other three. It will be 
observed that the solvbility of their hydroxides varies in the same decreas- 
ing gradation, which is also that of their atomic weights; while the 
solubility of their svlpkates varies in a rei^erse order, as follows: 

§177. The hydroxide of Ba diuolves in about 30 parts of water; that of 
Sr, in 100 parts; of Ca, in 800 parts; and of Mg, in 100,000 parts. The 
sulpliate of Ba is not appreciably soluble in water (429,700 parts at 18.4°; 
Hollemann, Z. phys. Ch.. 1893, 12, 131); that of Sr dissolves in 10,000 
parts ; of Ca, in 500 parts; of Mg, in 3 parts. To tho extent in which they 
dissolve in water, alkaline earths render their solutions oaostic to the 
taste and touch, and alkaline to test-papers and phenolphthalein, 

§178. The carbonates of the alkaline earths are not entirely insoluble 
in pure water: BaCO, is soluble in 4,),566 parts at 24.2° (Hollemann, 
Zcit. phys. Ch., 1893, 12, 125); SrCOj in 90,909 parts at 18° (Kohlrausch 
and Rose, Zeit. phys. Ch., 1893, 18, 241); CaCO, in 80,040 parts at 23.8° 
(Hollemann, /. c); MgCO, in 9,434 parts (Chevalet, Z., 1869, 8, 91). The 
presence of NH^OH and (NH,),CO, lessens the solubility of the carbonates 
of Ba, rr. and Ca, while their solubility is increased by the presence of 
ITH,Ci . UgCO, is soluble in ammonium carbonate and in ammonium 
chloride, so much so that in presence of an abundance of the latter it is 
not at all precipitated by the former, i. e. {'SS,)^CO, does not precipitate a 
solution of HgCl, as the HH^CI formed holds the ISg in solution. 

§179. These metals may be all precipitated as phosphates in presence 
of ammonium salts, but their further .separation for identification or esti- 
mation would be attended with difficulty (§146 and ff.). 

§180. The oxalates of Ba, Sr, and Mg are sparingly soluble in water, 
calcitmi oxalate insoluble. Barium chromate is insoluble in water (§§87 
and 186, 5f), strontium chromate sparingly soluble, and calcium and mag- 
nesium chromates freely soluble. 

§181. In qualitative anahiiis, the gronp-aeparation of the fifth-group 
metals is effected, after removal of the first four groups of bases, by 
precipitation with carbonate in presence of ammonium chloride, after 
which magnesium is precipitated from the filtrate, as phosphate. 

§182. The hydroxides of Ba, St. and Ca, in their saturated solutioas. 
nccc'^ariiy dilute, precipitate solutions of salts of the metals of the first 
four groups and of Mg, as hydroxides. In turn, the fixed alkalis precipi- 
tate, from solutions of Ba, Sr, Ca, and Mg, so much of the hydroxides 
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of these metals as does not dissolve in the water present •; but ammonium 
hydroxide precipitates only Kg , and this but in part, owing to the solubility 
of ltg{QiE)^ in ammonium salts. 

§183. Solutions containing Ba , Sr , Ca , and VLg , with pkospliorir, oxalic, 
boric, or arsenic acid, necesBarily have the acid reaction, as occurs in dis- 
solving phosphates, oxalates, etc., with acids; euch solutions are precipi- 
tated by ammonium hydroxide or by any agent which neutralizes the solu- 
tion, and, consequently, we have precipitates of this kind in the third 
gronp (§145 and ff.) : 

CaCl, + H.PO, + 3NH.0H = CaHPO. + 2NH,C1 + 2H,0 
C»H.(PO.)i + 2NH.0H = CaHPO, + (NH.),HPO. + 2H,0 . 
If excess of tho ammonium hydroxide he added the precipitate ie Caa(FO,),. 
In the case of a magnesium salt the precipitate is l^HH^FO^ . 

§184. The carbonates of the alkaline earth metals are dissociated by 
heat, leaving metallic oxides and carbonic anhydride. This occurs with 
difficulty in the case of Ba . 

§185. Compounds of Ba , Sr , and Ca (preferably with HCl) impart char- 
acteristic colors to the non-luminous flame, and readily present well-defined 
ipectrs. 



§188. Bftrinm. Ba — 137.40 . Valence two. 

1. Prop«rtiM.— Spert/Jc ffrwitu, 3.75 (Kern, C. N.. 1875, 31. 343); melUns point, 
above that of cast iron (Frey, A., IBTB, 183, 3GB). It is a white metal, stable in 
dry air, but readily oxidized in moist air or in water at ordioiUT temperature, 
hydrogen being evolved and barium hydroxide formed. It is malleable and 
ductile (Kern, I.e.). 

2. Occurrence. — Barium can never occur in nature an the metal or oxide, or 
hydroxide near the earth's surfat-e, ns the metal oxidizes bo readily, and the 
oxide and li3'droxide nre so basic, absorbing' acids readily from the air. Its 
most common forms of occurrence are heavv spar, BaSO, , and witherite, 
BaCO, . 

3. Preparation.— (I) By electrolysis of the chloride fused or moistened with 
strong HCI. (2) By electrolysis of the carbonate, sulphate, etc., mixed with 
He and HgO , and then distilling the amalgam. (-1) By heating the oxide or 
various salts with sodium or potussium and extracting the metal formed with 
mercury, then separating by distillation of the amalgani. 

4. Oxides and Hydroxides.— The oxide, BaO , is formed by the action of heat 
upon the hydroxide, enrbonate, nitrate, oxalate, and all its organic salts. The 
corresponding hydroxide, Ba(OH), , is made by treating the oxide with water. 
The peroxide, BaO, , is made by heating the oxide almost to redness in oxygen, 
or air which has been freed from carbon dioxide; bv heating the oxide with 
potassium chlorate (Liebig, Poffp.. 1832, 86. 1T2) or eupric oxide (Wanklvn, B., 
1S74, 7, 1029). It is used as a source of o.xygen, which it gives oB at a white 
heat, BaO remaining: also in the manufacture of hydrogen peroxide, H,0, , 
Tvhjch is formed by treating it with dilute acids: BaO, + 2HC1 = BaCl, -|- 
H.O,. 

■ The preseace of an ezoeM of fixed allcall readers these hrdroitdes much less soluble, the 
bi^b concentntion of the hrdroz;! loiu, one of the baton ol the solabllltr product, dlmlnlsh- 
l^g the other factor. (H<). ^ \c 
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5. SoInbUltdM.— a.— tfetal.— Metallic barium is readily soluble in acids with 
evolution of hydro^n. 6. — Oxidet and hudroi^ides. — Barium oxide la acted upon 
by water with evolution of heat and formation of the hydroxide, which Is 
eoluble in about 30 parts of cold water and In its own welgrht of hot water 
(Roseiifltheil and Ruehlmann. J., 18T0. 314). Barium peroxide, BaO, , is Tery 
aparing^iy soluble in water (Schiine, A., 1877, 182, SST); aoluble in adds with 
formation of H,0, . 

c. — Salts. — Most of the soluble salts of barium are permanent; the 
acetate is efflorescent. The chloride, bromide, bromate, iodide, anlphide, 
feiTocyanide, nitrate, hypophosphite, chlorate, acetate, and phenylsul- 
phate, are freely soluble in water; the carbonate, sulphate, sulphite, 
chromate,' phosphite, phusphate, oxalate, iodate, and silieo-fluoride, are 
insoluble in water. The sulphate is perceptibly soluble in strong HCl . 
The chloride is almost insoluble in strong hydrochloric acid (separation 
from Ca and M«) (Mar, Am. 8., 1892, 143, h1\); likewise the nitrate in 
strong hydrochloric and nitric acids. The chloride and nitrate are insolu- 
ble in alcohol. 

6. Beactiona, a, — The fixed alkali hydroxides precipitate only con- 
centrated solutions of barium salts (56). No precipitate is formed with 
ammoninm hydtozide (§46). The alka li carbonatei precipitate barium 
ca rbo natc, BaCO. . white __ The pr cc i pitation is promoted by heat am T" 
by an imo nium hydroxid e, but is made slightly incomplete by the presence 
of ammonium salts (Vogol, J. pr., 183ti, 7, 455). 

Barinm Carbonate — BaCO, — is a valuable reag^ent for special purposes. 
chiefly for separation of third and fourth group metals. It is used in the 
form of the moist precipitate, which must be thoroughly washed. It is 
best precipitated from boiling solutions of biirium chloride and sodium or 
ammonium carbonate, washed once or twice by decantation, then by filtra- 
tion, till the washings no longer precipitate solution of silver nitrate. 
Mixed with water to consistence of cream, it may be preserved for some 
time in stoppered bottles, being shaken whenever required for use. When 
dissolved in hydrochloric acid, and fully precipitated by sulphuric acid, 
the filtrate mu<it yield no fi-fed residue. This reagent removes sulphuric 
acid (radical) from all sulphates in solution to which it is added («): Ha^O, 
-f- BaCOj = BaSO, + NajCOg . When salts of non-alka!i metals are so 
decomposed, of course, they are left insoluble, as carbonates or hydroxides, 
nothing remaining in solution: 

FeSO, -I- BaCO. = BaSO, H- FeCO, 

Fe,(SO.), -I- 3BaC0, -|- 3H,0 = .-sBaSO. -|- 2^6 (OH), -|- 3C0, 

The chlorides of the third group, except Fe" , are decomposed by barium 
carbonate; while the metals of the fourth group (zinc, manganese, cobalt. 
nickel), are not precipitated from their chlorides by this reagent. Tartaric 

•KotalrausohBodBose, Z.nhm. CO., lSe3,IS.HI; Schweitzer, Z.,1«n,M,4U. 
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acid, citric acid, BUgar, and other organic subBtaDcee, hinder or prevent 
the decomposition by barium carbonate. 

b. — Ammonium oxalate preclpltatee barium oxalate, BaC,0, , from Bolutions 
of barium salts, Bparing-ly soluble in water, more eoluble in presence of am- 
monium chloride; soluble in oxalic and acetic acids (Souchay and Leossen, A., 
18S6,99, 36). 

c. — Solutions of barium salts are precipitated by the addition of concentrated 
nltxlc Bidd (5e). rf. — Soluble phoaphat^, full metallic, or two-thirds metallic, 
as Ha,HPO, , precipitate barium phosphate, white, consisting of BaHFO, 
when the reagent is two-thirds metallic, and Ba,(FO,), when the reagent is 
full metallic. Soluble pboaphlte* precipitate barium salts, bypophOBphltes do 
not. e. — Barium'sulphide is not formed in the wet way, hence hydroBulphuric 
acid and soluble aulphldas are without action upon barium salts. Soluble 
BulpMtaa precipitate solutions of barium salts as barium sulphite, BaSO, , in- 
soluble in water but soluble in hydrochloric acid (diBtlnctlon from sulphates). 

Solphnrio acid, H2SO4, and all soluble aalpbates, precipitate barium 
sulphate (BaSO,), white, slightly eoluble in hot concentrated sulphuric 
acid. Immediate precipitation by the fdilute §18l| , fift aatiiratufl noljitj/iTi 
of c alciJlh au!]ihate distmgiiisties Jla from 8r (and of course ^mr^ ^Ja) ■ huh 
precipitation b y the (very dilute S187, or) solution of Btrnptiiim s ulpbahp^ 
IS a more ceriai n test betwee n B a and Sr . BaSOj is not transposed by 
solutions pi aiKali caroonates (distinction from Sr and Ca , §188, 6ffl foot- 
note). 

f.— Solutions of lodat«s, as NalO, , precipitate, from barium solutions not 
Tery dilute, barium iodate, Ba(IO,),, white, soluble in 600 parts of hot or 
1746 parts of cold water (distinction from the other alkaline earth metals). 
If.— Neutral or ammoniacal solutions of araeuoua acid do not precipitate barium 
salts (distinction from calcium). Soluble ars«nat«B precipitate solutions ot 
barium salts, soluble in acids, includinjf arsenic acid. 

1\. — Soluble chromates, as KjCrO^ , precipitate solutions of barium salts 
as barium chromate, BaCrO, , yellow; almost insoluble in water (separa- 
tion from calcium and from strontium except in concentrated solutions), 
sparingly soluble in acetic acid, moderately soluble in chromic acid and 
readily soluble in hydrochloric and nitric acids. Bichromates, as KoCr^O, , 
precipitate solutions of barium salts (better from the acetate) as the 
norma! chromate (very accurate separation from strontium and calcium) 
(Grittner, Z. angew., 1892, 73). 

i.— Fluoalllcic actd, HtSlF, , precipitates white, crystalline barium fluo- 
silicate, BaSiF, , slightly soluble In water (1-4000), not soluble in alcohol 
(distinction from strontium and calcium). If an equal TOhime of alcohol be 
added tLe precipitation is complete, -iulphurie acid not giving- a precipitate in 
the filtrate (Fresenius, Z., 1S90, 29, 143). 

7. Ignition,— The volatile salts of barium as the chloride or nitrate impart a 
yellowish-green color to the flame of the Bunsen burner, appearing blue when 
riewed through a preen glass. The spectrum of barium is readily distinguished 
from the spectra of other metals by the green bands Baa, fl and j . Barium 
carbonate is very stable when heated, requiring a very high heat to decompose 
it into BaO and CO, . " O" 
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8. Detection. — In the filtrate from the fourth group, barium is precipi- 
tated with strontium and calcium as the carbonate by ammonium car- 
bonate. The white precipitate (well washed) is diggolved in acetic acid ' 
and the barium precipitated with EjCtjO, as BaCrO^ which separates it 
from strontium and calcium. The barium is further identified by the 
non-solubility of the chromate in acetic acid, the solubility in hydrochloric 
acid, and precipitation from this solution by sulphuric acid. It may also 
be confirmed by the color of the flame with any of the volatile salts (7) 
(not the sulphate). 

. Estlmatloii. — Bariuin is weighed as a sulphate (Presenilis and Hurtz, Z. 
ongciE., 1S'J6, S53), carbonate or fluosilicale (BaSiF,). It U separated from 
strontium and calcium: (1) By digesting the mixed sulphates at ordinary lem- 
perntures for 12 hours with ammonium carbonate. The calcium and strontium 
are thus converted into carbonates, which are separated from the barium 
sulphate by dissolvin); in hydrochloric acid. (2) By hydrofluosiUcic acid. 
{3) By repeated precipitation as the chromate in an acetate solution. 

It is separated from cnlcium by the solution of the nitrate of the latter In 
aniyl alcohol (8188. 9). The hydroxide and carbonates are also detennlned bj 
alkalimetry. Vol u metrically it is precipitated as the chromate, thoroug-hly 
washed, dissolved in dilute HCl and the CrVt determined by H,0, (Baum&nn, 
Z. angeic.. 1891, 331). 

10, Oxidation. — Barium compounds are reduced to the metal when lientcd 
with Na or E (3). BaO, oxidizes IbiCl, to Hn.O. (Spring and Luciou, St., 
1890. (3), 3, 4). 



§187. Strontinm, Sr = 87.60 , Valence two. 

1. Piopertte*.— .=rp<r(ffc gmi-ity. 2.4 (Frani, J. pr.. 1869, 107, 2St). MtlU at a 
moderate red heat and is not volatile when heated to a full red. It is a " brasa- 
yellow " metal, malleable and ductile. It oxidizes rapidly when exposed to 
the air. and when heated in the air burns, as does barium, with intense 
illumination (Franz, I.e.). 

3. Occurrence.— Strontium occurs chiefly In strontiaoite. 8rC0, , and in 
celestine, SrSO, . 

?. Preparation. ^First isolated in ISOR by Daw bv electrolysis of the hvdrox- 
ide (Tran*. Rogai Hoc.. 345). It is made by electrolysis of the chloride (Prey. 
A.. 1876, 183, :ifi7): by heatinff a saturated solution of SrCl, with sodium 
amalpam and distilliufr off the mercury (Franz, /. <■.); by heating the oxide ^th 
pottilered ma^rnesium the metal is obtained mixed with MgO (Winkler, B.. 1890. 
23, 125). 

4. Oxides and Hydroxides. ^Strontium oxide. BrO , is formed by ijrnitinjf the 
hydroxide, carbonate (greater heat required than with cnlcium carbonate). 
nitrate and all ori-anie strontium salts. The hydtovide. 8r(0H), , is formed 
by the action of water on the oxide. The peroxide, 8rO,.sH:0 , is made by pre- 
cipitating the hydroxide with H;0,: at 100° this loses water and becomes SrO, . 
n white powder, meltinp- at d red heat, used in bleaching works (Conroy. 
J. Hoe. Th(I., IHflS. 11. 812). 

n. Solubilities. — fl.— -Ur/o/. — Strontium decomposes water at ordinary tem- 
perature (Winkler. ). c). it is soluble in ncida with evolution of hydrojren. 
h.—Oridfit and ftj/iiniTWfJt.— The oxide. SrO , is soluble in about 100 parts water 
at ordinary temperature, and In aijout Ave parts of boilinjr water forming the 
hydroxide (Scheibler, Neiie Zeilsrhrift fur Ruebeinrtidcer. 1881, 49, 257). The 
peroxide is scarcely soluble in water or in ammonium hydroxide, soluble in 
acids txud in ammonium chloride. 

" ■■ ----- - o" 
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c — Salts. — The chloride is slightly deliquescent; crystals of the nitrate 
and acetate efBoresce. The chloride is soluble, the nitrate insoluble in' 
absolute alcohol. The nitrate is insoluble in boiling amyl alcohol (§188, 
5e). The sulphafi is very sparingly soluble in water (1-10,090 at 20.1°) 
(Hollemann, Z. phjs. Ch., 18i>3, 12, 131); yet sufficiently soluble to allow 
its use as a reagent to detect the presence of traces of barium. Less soluble 
in water containing ammonium salts, sodium sulphate, or sulphuric acid 
than in pure water; quite appreciably soluble in HCl or HHO, ; insoluble 
in alcohol. Strontium iliiosilicate is soluble in water (distinction from 
barium). The chromate is soluble in 831.8 parts water at 15° (Fresenius, 
Z,, 1890, 29, 419); soluble in many acids including chromic acid; and more 
pohble in water containing ammonium salts than in pure water, 

6. Reactiont. a. — The fixed alkalis precipitate strontium salts when 
not too dilute, as the hydroxide, Sr(0H)2 , less soluble than the barium 
hydroxide, No precipitate with ammoniam hydroxide. The alkali oar-V. 
bonatea precipitate solutions of strontium salts as the carbonate. Stron- / )d" 
tium sulphate is completely transposed on boiling with a fixed alkali car- i 
bonate (distinction from barium, §188, 6a footnote). '^ 

b. — Oxalic add and oxalates pre(!ipltate Gtrontium oxalate, insoluble in ,• 
water, soluble in hydrochloric acid (Soucbay and Lenssen, A., 1B57, 102, 35)."i*~ 
c — The solubility of Ktroiitiura Halts is diralniahed by the presence of con-' 
centrated nitric acid, but less bo than barium Kalts. d. — In deportment with 
phoephates, strontium is not to be distinguiebed from barium. 

e.— See Ge, §§186 and 188. Solphnrio acid and Bulphatea (including 
CaSO,) precipitate solutions of strontium salts as the sulphate, unless 
the solution is diluted beyond the limit of the solubility of the precipitate 
(or). A solution of strontium sulphate is used to detect the presence of 
traces of barium (distinction from strontium and calcium). In dilute 
solutions the precipitate of strontium sulphate forms very slowly, aided 
by boiling or by the presence of alcohol, prevented by the presence of 
hydrochloric or nitric acids (5c). It is almost insoluble in a solution of 
ammonium sulphate (separation from calcium). 



f.— The lulldea of etrontium are all soluble in water and have no application 
in the anaTysiB of strontium salts. Strong hydrochloric acid dissolves stron- 
, tium sulphate, but in general diminishes the solubility of strontium Balte in 
water, p. — N'eutral solutions of arsenltas do not precipitate strontium salts, 
the addition of amraonhim hydroxide causes a precipitation of a portion of the 
strontium. Arsennt* of strontium resembles the corresponding barium salt. 
Alkaline arsenates do not precipitate strontium from solution of the sulphate 
{distinction from calcium, |188, 617). 

h. — Normal cliTOmates precipitate strontium chromate from solutions 

not too dilute (or), soluble in acids. In absence of barium, strontium 
may be separated from calcium by adding to the nearly neutral solutions 
a solution of KjCrO, plus one-third volume of alcohol. The calcium 
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chromate is about 100 times a& soluble as the atrontium cbromate (Fre- 
senius and Rubbert, Z., 1891, SO, 672), No precipitate is formed with 
potassium bichromate (separation from barium). 

i. — Fluoslllcic acid does not precipitate strontium salts even from quite 
concentrated solutions, as the strontium fliioHilicate is fairly soluble in cold 
water and more so in the presence of hydrochloric acid (Freseniua, Z., 1390, 
29, 143). 

7. I^ition. — Volatile strontium compounds color the flame crinimn. In pres- 
ence of barium the crimson color appears at the moment when the substnnn 
(moistened with hydrochloric acid, if n non-volattte compound) is first brougiil 
into the flame, l^e paler, yellowish-red flame of calcium is liable to be mis- 
taken for the strontium flame. The epectrum of strontium is charncterizfd 
by eight bright bands; namely, eix red, one orange and one blue. The orangie 
line Sr q, at the red end of the spectrum; the two red lines, St ^ and Br t. 
and the blue line, Sr S, are the most important. 

!. Detection.— Strontium is precipitated with barium and calcium from 
the filtrate of the fourth group by ammonium carbonate. The well washed ^ 
precipitate of the carbonates is dissolved in acetic acid and the barium . 
removed by KjCtjOj . The strontium and calcium are separated from the i 
excess of chromate by reprecipitation with (NHj)jCO, . The precipitate is \ 
again dissolved in HC^HgO^ and from a portion of the solution the atron- 1 
tium is 'detected by a solution of CsSO, (6e). The flame teat (7) is of value ) 
1 the identification of strontium. ' 

9. Estimation. — Strontium is weighed as a sulphate or a, carbonate. Th« 
hydroxide and carbonate may be determined by allcalimetry. It is separated 
from calcium: {!) By the insolubility of its sulphate in ammonium sulphate, 
(2) By boiling the nitrates with amyl alcohol (S1S8, 9). (3) By treating the 
nitrates with equal volume of absolute alcohol and ether (!188, 9). For 
separation from barium see 5186, 9. 



§188. Calcium. Ca = 40.1 . Valence two. 

1. Propertiea.— Speei/Jn gravity, 1.6 to 1.8 (Caron, C. r., 1880, 30, 547). ifeltiiv 
point, at red heat (Matthieesen, A., 1855, 93, 284). A white metal having very 
much the appearance of aluminum, is neither ductile nor malleable (Frey, i., 
1878, 183, 3B7). In dry air it is quite stable, in moist air it buriiB with 
incandescence, as it does also with the halogens. It dissolves in mercurj", form- 
ing an amalgam. 

3. OccTUTence. — Found in the mineral kingdom as a carbonatei in marble, 
limestone, chalk and arragonite; as a aulphate in g3'pBum, selenitu alabaster, 
etc.; as a fluoride in fluor-spar; as a phosphate in apatite, phosphorite, etc. 
It is found as a phosphate in bones; in egg-shells and oyster-shells as a car-' 
bonate. It is found in nearly all spring and river waters. 

3. Freparation. — (1) By ignition of the iodide with sodium in closed retorts 
(Dumas, C. r., 1858, 47, 575). (2) By fusion of a mixture of 300 parts fused 
CaCl, , 400 parts granulated zinc and 100 parts Na until zinc vapor is givea 
off. From the CaZu alloy thus obtained the zinc is removed bv distillation in 
a graphite crucible (Caron, /. c). {H) By electrolysis of the chloride <Prey. '■ i")- 
(i) Bv reducing the o)fide, hydroxide or carbonate with magnesium (Winkler, 
B., 1890, 23, 122 and 2642). 

4. Oxides and Sydroxldes.— The oxide, CaO , is a strong base, non-fusible. 
non-volatile; tt is formed by oxidation of the metal in air; by ignition of the 
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hydroxide, the carbonate (limestone), nitrate, and all or^nlc calcium salta. 
The corresponding hydroxide, Oa(OH), (slaked lime), ia made by treating the 
oxide with water. Its usefulncBB when combined with sand, making uiortar, 
la too well known to nt^ed any description here. The peroxide, CaO,.eH,0 , Ib 
made by adding hydrogen peroxide or sodium peroxide to the hydroxide; 
Ca(OH), + H,0, = CaO, + 3H,0 (Conroy, J. Soc. Ind.. 1893, 11, 808).' Drying 
at 130° removes all the water, leaving a white powder, CaO, , which nt n red 
heat loses half its oxygen (Schoene. A„ 18TT, 192, SST). It eannot be made by 
heating the oxide in oxygen or with potassium chlorate (S186, 4). 

5. Solnbllitlaa. — a. — JfetnL^Calcium Is soluble in aeids -with evolution of 
hydrogen; it decoDipoees water, evolving hydrogen and farming Ca(OH), . 

6. — Oxide and hydroxide. — CaO combines with dilute aeids forming cor- 
responding Baltfi, it absorbs CO, from the air becoming CaCO,., .* In moist 
air it becomes Cs(OH)i , the reaction takes place rapidly and with increase 
of volume and generation of much heat in presence of abtbdance of 
water. The hydroxide, Ca(0H)2 , is soluble in acids, being capable of 
titration with standard acids. It is much less soluble in water than 
barium or strontium hydroxides (Lamy, C r., 1878, 86, 333); in 806 parts 
at 19.5" (Paresi and Eotondi, B., 1874, 7, 817); and in 1712 parts at 100° 
{Lamy, /. c). The solubility decreases with increase of temperature. In 
saturated solutions one part of the oxide is found in 744 parts of water 
at 15° (Lamy, I. c). A clear solution of the hydroxide in water is limi- 
water (absorbs CO, forming CaCO,), the hydroxide in suspension to a 
greater or less creamy consistency is milk of lime. 

c. — Salts. — The chloride, bromide, iodide, nitrate, and chlorate are 
deliquescent; the acetate is efflorescent. 

The carbonate, oxalate, and phosphate are insoluble in water. The 
chloride, iodide, and nitrate are soluble in alcohol. The nitrate is soluble 
in 1.87 parts of equal volumes of ether and alcohol (Fresenius, Z., 1893, 
38, 191) ; readily soluble in "boiling amyl alcohol (Browning, Am. S., 1892, 
143, 53 and 314) (separation from barium and strontium). The carbonate 
ia soluble ia water saturated with carbonic acid (as also are barium, stron- 
tium, and magnesium carbonates), giving hardness to water. The oxalate 
is insoluble in ^flb acid, soluble in hydrochloric and nitric acids. The 
sulphate is solume in about 500 parts of water | at ordinary temperature, 
the solubility not varj'ing much in hot water until above 100° when the 
solubility rapidly decreases. Its solubility in most alkali salts is greater 
than in pure water. Ammonium sulphate (1-4) requires S87 parts for the 
solution of one part of CaSO^ (Fresenius, Z., 1891, 30, 593) (separation 
from Ba and 8r). Readily soluble in a solution of Ha,S,0, (separation 
from barium sulphate) (Diehl, J. pr., 1860, 79, 430). It is soluble in 60 . 
parts hydrochloric acid, 6,18 per cent at 25°, and in 21 parts of the same 

• Dry CaO dOW not abaorb dry CO, or BO, below B60°. (Veley, J. C. 1888, as.Sai. 
tOoldbammer, C. C, less, TOS; Dro«ze, B., 1BT7, 10. SBO: BolBbaudran, J..Cb.,Jg!i.ie),*.i7l 
KobliauBohuidBoae, Z.phtM.<^.,mB,I9.Sil; Rsnpenstiauob. Sf., IS6(, «, £88). 
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acid at 103° (Lunge, J. Soc. Ind., 1895 14, 31). The chromate is soluble 
in 214.3 parts water at 14° (Siewert, J., 1862, 149); in dilute alcohol it is 
rather more soluble (Freaeniue, I. c, page 672); very readily soluble in 
acids including chromic acid. 

6. ReaotiouB. a. — The fixed alkali hydroxides precipitate solutions oi 
calcium salts not having a degree of dilution beyond the solubility of the 
calcium hydroxide formed {5b), i. e. potassium hydroxide will form a 
precipitate with calcium sulphate since the sulphate requires less water 
for its solution than the hydroxide (56 and c) ; also the calcium hydroxide 
is less soluble in the alkaline solution than in pure water. Ammoniuiii 
hydroxide does not precipitate calcium salts. The alkali carbonatea pre- 
cipitate cSlcium carbonate, CaCO, , insoluble in water free from carbon 
dioxide, decomposed by acids. Calcium sulphate is completely trans- 
posed upon digestion with an alkali carbonate • (distinction from barium). 
Calcium hydroxide, C8(0H)j , is used as a reagent for the detection of 
carbon dioxide (56 and §228, 8). 

6. — Alkali oxalates, as (KH4)2C,0, , precipitate cakium oxalale, CaCjO^ , 
from even dilute solutions of calcium salts. The precipitate is scarcely at 
all soluble in acttic or oxalic acids {separation of oxalic from phosphoric 
acid (§315), but is solulile in hydrochloric and nitric acids. The pre- 
cipitation is hastened by presence of ammonium hydroxide. Formed 
slowly, from very dilute solutions, the precipitate is crystalline, octahedral. 
If Sr or Ba are possibly present in the solution to be tested (qualitatively), 
an alkali sulphate must first be added, and after dujestbig a few minute, 
if a precipitate appears, SrSO^ , BaSO^ , or, if the solution was concentrated, 
perhaps CaSOj , it is filtered out, and the oxalate then added to the fijtrate. 
If a mixture of the salts of barium, strontium, and calcium in neutral or 
alkaline solution be treated with a mixture of (ITHJ^SO, and (NHJ,CjO,. 
the barium and strontium are precipitated as sulphates and the calcium as 
the oxalate; separated from the barium and strontium on addition of 
hydrochloric acid (Sidcrsky, Z., 1833, 22, 10; BozonJ|^, B., 1884, 17, 
1058). A solution of calcium chloride is used as a reagent for the detec- 
tion of oxalic acid (§227, 8). " ■ , 

In solutione of calcium salts containini; n strongf excess of ammonium 
chloride, potassium ferrocyanide precipitateH the calcium (distinction from 
barium and strontium) (Baubigny, Bl„ 1H!)&, (3). IS, 32G). 

■Here experiment BhowB that for equJUbrium the SO. tons mustbepresoDtlnsolutkintD 1u9* 
ezoesa of CO, lonii. Wtth Blrontlum alBO an excess of SO, iaaa U required, although Dotto 
great as In tbecaso of calcium. For barium, hoirever. equilibrium demanda that the conreD- 
ttalionof CO. lonaeiceed thatof SO.. This condition Is alresdy fulfllled when an alkali tr-t- 
bonate 1b added to BaSO, and theri-fore no chang.- takps iilaoo In this case, vrbllo Id ttao o hen 
the Bulphalo la tranafonned Into carbonate. It le Important to notice thattherclatininrab- 
■oluto quantities of solid carbonate and sulphate present do not aScot the equilibrium, •hieb 
la datenaJncd solely b; the Bubstancen in solution (f 'f > fir. footnote)- 
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p.— See He. d. — Bjr Ihe nction of alknli phosptaateB, sotutiona of CBlciuni are 
not diatinguished from sohitions of biiriiiin or strontium. 

(.— I'ure Bodiiim Kuliihide. Na,S , gives an abundant predpitate with ciilclum 
sails: even with CaSO, . The precipitate is C«(OH),: CaCl, + 2Na,S + 2H,0 = 
C«(OH). + 2NaCl + SNaHS. The add sulphide. NaHS , does not prei-ipilnle 
calcium salts (Pelouze. .1. Ch.. 1H6C, (4), 7, 172). Alkali BulphlteB precipitate 
mlcium sulphite, nearly inaolnble in water, sohible in hydrochloric, nitric or 
aulphiirouB acid; barium and Htrontiiim salts act similarly, 

Snlplmric acid and soluble inlpliBtea precipitate calcium ealta as CaSO^^ 
distinguished from barium by itK solubility in wator and in hydrochlori(^ 
aoid; from barium and sLrontinm by its solubility in ammonium sulphate 
{5c). A water solution of calcium sulphate is used to detect strontium 
aft«r barium has been removed as n chromate. Obviously a solution of 
Btrontiimi sulphate will not precipitate calcium salts. 

f. — Calcium chloride, fused, is much used as a drying aj^ent for solids, liquids 
and gsRes. Chlorinated lime, calcium hypochlorite, Ga(GlO), (Kingzett, ■/. C, 
1S75, 28, 404), IB much need as a bleaching' agent and ns a disinfectant, g. — 
Neutral or ammoniacal solutiona of arsenltea form a precipitate with calcium 
salts (distinction from barium). A solution of calcium Baits including; solu- 
tions of calcium sulphate in ammoniacal solution is precipitated by atseoic 
add as CaHH,AaO, (distinction from strontium after the addition of sulphuric 
acid) (Bloxam, C. N., 18H6, M, 16). 

ft.— Normal cbromatea, as K,CrO, , precipitate solutions of calcium salts as 
calcium chromate, CaCrO, , yellow, provided the solution be not too dilute (5c). 
The precipitate is readily soluble in acids and is not formed with acid chro- 
males as K,Cr,0, (separation from barium). 1. — Fluoslllclc acid does not 
precipitate calcium salts even in the presence of equal parts of alcohol (separa- 
tion from barium). 

7. lotion. — Calcium sulphate, CeS0,.2H,0 , gypsum , loses its water of 
crystallization at S0° and becomes the nnhydrous sulphate, CbSO, , plaster of 
Paris; which on being moistened forma the crystalline CaSO,.£H,0, expanda 
and "sets." Calcium carbonate, limeatone. when heated (burned) loses carbon 
dioxide and becomes lime, CaO . 

Componnds of calcium, preferably the chloride, render the flaniD yelloteisk 
red. The presence of strontium or barium obscures this reaction, but a mixture 
containing calcium and barium, moistened with hydrochloric acid, gives the 
calcium color on its first introduction to the flame. The flpsctmm of calcium 
is distinguished by the bright green line, Ca fl, and the intensely bright 
orange line, Ca a, near the red end of the spectrum. 

8. Detection, — Calcium is separated in analysis from the metals of the | 
other groups and from barium, with strontium, as described at §187, 8, I 

,' A portion of the solution of strontium and calcium acetate is boiled with V, t^d— 

potassium sulphate; after standing for some time (ten minutes), the filtrate /^ 
' is tested with ammonium oxalate. A white precipitate insoluble in the I 
I acetic acid present, but soluble in hydrochloric acid ia evidence of the J 
'^_gr£apnce of calcium. The flame teat (?) is confirmatory. -^ 

9. EcUmatioii. — Calcium is weighed as an oxide, carbonate, or sulphate. The 
carbonate ia obtained by precipitating as oxalate, and gently igniting the dried 
precipitate; higher Ignition changes the carbonate to the oxide. The sulphate 
is precipitated ia a mixture of two parts of alcohol to one of the solution. The 
hjdroxUe and carbonate may be detejunined by alkalimetry. Cnlrium may tx* 
separated from barium and stroptiujo by the solution of its nitrate in umj't 

- - 'lilc 
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atoohol (;r). The test method of separation from strontium is to treat thr 
nitrates with a mixture of equal volumes of alcohol and ether. The calcium 
nitrate dissolves, but not more than one part in 60,000 of the strontium is 
fonnd in the solution (5185). In the presenee of iron, aluminum and phos- 
phoric acW. calcium ie best precipitated as an oxniate in the presence of cilrte 
acid (PasBon, Z. angeK.. 1898, 776). See also 9, 8188 and 8187. 



§189. Ka^esinm. H; = 24.3 . Valence two. 

1. FTOpamM.— Specific gravity, 1.7S (Deville and Caron. A. Ch., 1863, (3). 87. 
346); melting point, a little below 800°; does not appear to be volatile (Mejer. 
S., 1887, 20, 497). A white, hard, malleable and ductile metal; not acted upon 
by water or alkalis at ordinary temperature and only slightly at 100° (BbIIo, 
B., 18S3, 16, 694). When heated in air or (n oxygen It burns with incandescence 
to MgO. It combines directly when heated in contact with N. P. As, 8 
and CI . It forma alloys with Hg and Sn , forming compounds which decom- 

3. Oceumnce.— Magnesite. HgCO,; dolomite, Ca]Ctr<CO,), ; brucite, llg(OH),; 
epfom salts, 'X.g&0,.TB.,0; and combined with other metals in a great variety 

?. Frep>ratlon.~(;) By electrolysis of the chloride or sulphate (Bnnsen. A., 
IS.'". 82, 137). (2) By ignition of the chloride with sodium or potasrinm 
(Wohler. A., 1857, 101. 563). (3) lIg,re(ON), is ignited with Na,CO, , and 
this product ignited with zinc (Lanterbronn, German Patent No. 39,91S). 

4. Oxide and Hydroxld*. — Only one oxide of magnesium, HgO , is known 
with certainty. Formed by burning the metal in the air, and by action of 
heat upon the hydroxide, carbonate, nitrate, sulphate, oxalate and other mig- 
nesium salts decomposed by heat. The corresponding hydroxide, ]|g(OH)i , 
la formed by precipitating magnesium salts with the fixed alkaUs. 

5. SolnbilitiM.— a. — Mdah — MagineBium is soluble in aci<l8 includinR 
carbonic acid, evolvirift hydrogen: Ug + COj + HjO = MffCO, + ^ 
(Ballo, B., 1888, 15, 3003) : it is also attacked by the acid alkali carbonate-. 
as HbHCO, , to form MgCO, , TTajCOa and H (Ballo, (. c). Soluble in 
ammonium salts: Mg -f 3HH^Ci = HH^l^Cl,, + 2ira, + H^ . With 
the halogens it acts tardily (WankljTi and Chapman, /. C, 18(50, 19, HI). 
b. — Oxide and hydroxide. — Insoluble in water, soluble in acids. l^OH). 
is soluble in 111,111 parts of water at 18° (Kohlrausch arid Rose, Zeii. 
phys. Ch., 1893, 12, 241). In contact with water the oxide ia bIowIj 
changed to the hydroxide, l^(OH), , and absorbs COj from the air. Sol- 
uble in ammonium salts: * ]f9(0H), + aHH.Cl — NH«lIgGl, + 
SNH^OH . c. — Salts. — The chloride, bromide, iodide, chlorate, nitrate. 
and acetate (4 aq) are deliquescent ; the sulphate (7 aq) slightly efflorescent. 
The carbonate, phosphate, borate, arsenite, and arsenate are insoluble in 
water; the sulphite, oxalate, and chromate soluble; the tartrate sparinfjh" 
soluble. The carbonate is soluble; the phosphate, arsenite, and arsenate 
are insoluble in excess of ammonium salts. 

G. ReactionB. a. — The fixed alkali hydrozidet and the hydroxide! of 
iMtriom, atronticin and calcinm precipitate magnesium hydroxide, ]Cg(OH)i, 

■ The oondltioiu here are the same ns in tbo cue of Mb(OH|„ I1S4, la, footnote. 
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white, gelatmous, from aolutioiig of magaeBium salts; inBoluble in excess 
of tbe reagent but readily soluble in ammonium salts: H^OH): -V SKH^Ol 
= ]IgGl,.NH«Cl + SNH^OH . With ammonium hydroxide but half of the 
magnesium is precipitated, the remainder being held in solution by the 
ammonium salt formed in the reaction: SMgSO, + 2NH,0H = Hg(OH), 
+ (NHJjJIg(BO,)j (Rheineck, Dingl, 1871, 202, 268). The fixed 
alkali carbonates precipitate basic magnesium carbonate, l[g:i(OH)j- 
(CO,), , variable to li:g,(OH),{CO,), : 4Mg80. + 4HRjC0, + H^O =i 
Mg,(OH),(COj)a -f 4NajS0, -f- COi ■ If the above reaction takes place in 
the cold the carbon dioxide combines with a portion of the magnesium 
carbonate to form a soluble acid magnesium carbonate: Sl^fSO^ -|- 
5Ha,C0, + 2HjO = Mg,{OH),(COJ, + MpH,(CO,), + 5Ha,80, . On 
boiling, the acid carbonate is decomposed with escape of CO, . Ammonium 
carbonate does not precipitate magnesium salts, as a soluble double salt ie 
at once formed. Aoid fixed alkali oarbonatei, as HaHCO, , do not precipi- 
tate magnesium salts in the cold; hut upon boiling, CO, is evolved and the 
carbonate is precipitated (Engel, A. Ch., 1886, (6), 7, 360). 

b. — Soluble oxalate* do not precipitate BOtutions of ma^eBiiiin saltA, as tbe; 
form soluble double oxalates. If to the BOlntion of double oxalates, preferably 
mafnteeium ammoainm oxalate, an equal volume of 80 per cent acetie aoid be 
add^, the magnesium fa precipitated as the oxalate (aeparation from potaa- 
siuio or sodium (Claasen, Z., 1879, 18, 373). 

d. —Alkali pboipltates — as HagHFO^ — precipitate magnesium phosphate, 
I^HPO, , if the solution be not very dilute. But even in very dilute 
ROlutions, by the further addition of ammonium hydroxide (and Jm^Cl), 
a crystalline precipitate is slowly formed, magnesium am,monium phosphate 
— XgMUfPO, . Stirring with a glass rod against the side of the test-tube 
promotes the precipitation. The addition of ammonium chloride, in this 
test, prevents formation of any precipitate of magnesium hydroxide (56). 
The precipitate dissolves in 13,497 parts of water at 23° (Ebermayer, 
J. pr., 1853, 60, 41); almost absolutely insoluble in water containing 
ammonium hydroxide and ammonium chloride (Xubel, Z., 1869, 8, 135). 

t. — Ma^esinm milpMAe is decomposed by water, and magneBium salts are 
not precipitated by liydTOBulphuilc acid or ammonium aulphida; but "X^ + 
S,0 (l-IO) absorbs HiS, forming' in solutloa IIgH,8, , which readily ^ves 
off HfB upon boiling (a very satisfactory method of preparinR' H,S absolutely 
arsenic free) (Divers and Shmidzu, J. C, 18H4, 4fi, 699). ^'ormal BOdSiim or 
potassium sulphide precipitates solutions of magnesium salts as the hydroxide 
with formation of an acid alkali sulphide: MgSO, + 2Na,8 + 2H,0 = llIg(OH), 
+ ITBiSO, + SKaHS (Pelouze. A. Ch., IHGe, (4). 7, 172). Sulphnrle acid and 
soluble sulpliatea do not precipitate solutions of magnesium salts (distinction 
from Ba . Sr and Ca). 

/.—Magnesium chloride, in solution, evaporatPd on the water bath evolves 
hydrochloric acid (7). p.— Soluble arsenates precipitate magnesium B^lta in 
deportment similar to the corresponding phosphates. 

7. Isnltloii. — Magnesium ammonium phosphate when ignited loses ammonia ■ 

- - 'cSic 
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&nd wftter, and becomes the pTrophosphate-. SMgHKfPO, ^ ][g,P.O, + H,0 + 
EMS, . The carbonate loses CO, and becomes HgO . In dry air magnesium 
chloride may be lilted without decomposition, but in the presence of steam 
HgO and HCl are formed: KgCl, + H,0 = HgO + 2HC1; a technical method 
for preparing: HCl (Heumann; A... 1877, 184, 227). 

8. DeteotiOD.— If suflicicnt ammoiiiiim Baits have been used, the mag- / 
nesium will be in the iiltrate from the precipitated carbonates of bariom,/ 
strontium and calcium. From a portion of this filtrate the magnesium is*, 
precipitated as tbe white magnesium ammonium-phospliate, HgNHiPO, ,/ 

/ by Ha,HPO« . J 

9. Estimation. — After removal of other non-alkali metals, magnesium is pre- 
cipitated as KgNH.FO, . then changed by ifrnition to 1C?,F,0, (mafrnesium 

Eyropboxphate) and weighed as such. Separated as KgCl, from KCI and HaCl 
y. solution in amyl alcohol, evaporated with H,SO, and weighed aa HgSO, 
(Riggs. .4m. S.. 1803, 44, 103). It la estimated vol u metrically by precipitation 
as MgrNH.FO, , drying at about 50° until all free HB.OH is removed. An 
excess of standard acid is then added and at once titrated back with standard 
fixed alkali, using methyl orange as an indicator (Handy,V. Am. Boe., 1900, 80, 
31). 

10. Oxidation. — Magnesium is a powerful reducer; ignited with the 
oxides or carbonates of the following elements magnesium oxide is formed 
and the corresponding element is liberated : Ag , Hg , Pt , Sn *, B , Al , 
Th, Ct, Si, Fb, ft, Al, 8b, Bi, Cr, Mo, Ms, Fe, Co, Hi, Cn, 
Cd , Zn , 01 , Bs , Sr , Ca , Sb , K , TIa , and Li . In some cases the reaction 
takes place with explosive violence. From their corresponding salts in 
neutral solution Mg precipitates 8e , To , At , Sb , Bi , Sn , Zn f , Cd , Fb , 
Tl , Th , Cn , Ag , Mn t, Fe t, Co , Si , Aa , Pt , and Pd (Scheibler, B., 
* ■ 1870, 3, 295; Villiers and Borg, C. r., 1893, 116, 1524). 

•Vlnklsi,B.,18SQ,98,44,U0«nd7TS; ian,M,BgB. 

tKeni.C.iV. 1BT8, SS,ll£and fflS. 

t Seubert uid echmtdt. A., USE, Se7, tO. 



Dgitzedb, Google 



gl90 ANALV8IB OF TRE OALCIVil OROUP. 

11 'M0^M it 



t- 









Hi 

8 ; ^ 



3 J' 

II 

Is? 



Ills 



9 J Ti Q fl 4i o-S — 2 3 S >i 



■2:3 ° = fc^^ 
■■ 3| a =« ° * 



15^ 



1 .3:1 ly 



fl 



a 
II 

H 



218 DtJiECTlONS FOR AXALT8I8 WITH NOTES. . glw. 

DiBECTioNS ?0H Analysis of the Metals op the Calcium ORorp. 

(The Alkaline Earths.) I 

§191. Manipnlation.— To the iiltrate from the fourth group in whkh 
HjS (§192, i) gives no precipitate (gl38) add NH.OH and ammonium 
carbonate ae long as a precipitate is formed : BaCL + (irH4):,C0j = BaCO, 
+ 3NH,Cl . Digest with warming, filter and wash. The filtrate slioulii 
be tested again with ammonium carbonate and if no precipitate is formi-il 
it is set aside to be tested for magnesium and the alkali metals (§^193 
and 211), , 

The well washed white precipitate is dissolved in acetic acid, using a* 
little as possible; SrCO, + 2HCjHsOj = Sr(CjHA)! + CO, + H,0 . I 

To a small portion of the acetic acid solution add a drop of K.Cr^O; : 
if a precipitate — BaCrO,^ie obtained, the KjCTjO, must be added to ibc 
whole solution: 2B&(CM,0.)^'j- KjCr,0, + HsO = 3BaCtO, + 2KC~H,0, , 
-j- 2HCiH,0j . Filter, wash the precipitate, dissolve it in HCl and pre- I 
cipitate the barium as barium sulphate, with a drop of sulphuric acid. 

To the filtrate from the barium chromate add NH.OH and (HE,).CO,, 
warm, filter, and wash. Dissolve the white precipitates of SzCO, and 
CaCO, in. acetic acid and divide the solution into two portions. i 

Portion 1. — For Strontium. — With a platinum wire obtain the flame I 
test, crimson for strontium; calcium interferes (7, §§187, 188 and 2051. 
Add a solution of oaloinm flulphate and boil; set aside for about ten min- 
utes. A precipitate — SrSO^ — indicates strontium. This SrSO, may be 
moistened with HCl and the crimson flame test obtained. 

Portion Z. — For Calcium. — Add a solution of potauium lolphate, boil, 
and set aside for ten minutes. Filter (to remove any strontium that may 
be present; also a portion of the cnlcium may be precipitated, §188, 6fi 
and add ammoninm oxalate to the filtrate. Dissolve the precipitate in 
HCl . A white precipitate — CaC,0^ — insoluble in acetic acid by ita forma- 
tion in that solution, and soluble in HCl is proof of the presence of calcini:!. 

SieS. A'o/M.— /. The failure of {NH,),S (or H,S in presence of NE.OH) io 
form a precipitnte with Holutionn of tlie alkaline earths and of the alkalis 
marks a sharp reparation of these metnls from the nietals of the precedinir 

groups. 

2. Do not boil after the addition of animoiiiiim carbonate, as this will driv^ 
off amnion i urn hvdro.side and enrbonutc, increasing the solubilitv of the CaCO, 
(noteK and 9178). 

.1. Tlie precipitatioii of bartam, strontium and calcium by ammoniiitn car 
bonate in the presence of uminoniiini chloride, is not as complete an ivould hr 
desirable in very delicate nnnlyseB. The carbonates of barium, strontiuiD and 
calcium are all'sliphtly soliibie in ammonium chloride solution; and while the 

E escribed iiilditlon of ammonium hydroxide, and excess of ammonium cor- 
nate. (freatly reduces Ihe solubility of the precipitated carbonates, yet even 
With these the precipitutioii is not nbHoiute, thoiljfh more nearly so with 
1 than with barium and calcium. Thus, in ipianlilatlre analyaeB. if 
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bariatn and calcium are precipitated as carbonates, jt must be done in the 
absence of ammonium chloride or sulphate, and the precipitate washed with 
water containing ammouium hydroxide. 

i- If barium be absent, as evidenced by the failure to obtain a precipitate 
with EgCrjO, , the solution may at once be divided into two portions to tesi for 
strontium and calcium, 

5. With care the repreeipitation by ammonium carbonate, for the separa- 
tion from the excess ot K,Ct,0, . may be neglected and the filtrate from the 
barium, yellow, at once divided into two portions and tested for 5r and Ca . 
Repreeipitation always causes the loss of '^ome ot the metals, due to the solu- 
bility of the carbonates in the ammonium acetate formed. On the other hand, 
(races may escape observation iu the yellow chromate solution. 

6. Before repreeipitation with (NH,).CO, , on excess of ammonium hydroxiile 
should be added to prevent the liberation of CO, when the ammonium car- 
bonate is added. 

7. Strontium sulphate is so sparinR'ly soluble in water (8187, 5c> that its 
precipitation by OaSO. (or other sulphates in absence of Ca) la sufficienlly 
delicate to detect very small amounts of that metal. However, it is sufRciently 
totuble in water to serve as a valuable reagent to detect the presence of traces 
of barium. Obviously SrSO, will not precipitate solutions of calcium salts. 
Solutions of strontium and barium salts (except SrSO,) are all precipitated 
by CoSO,. The presence of excess of calcium salts lessens the delicacy of the 
precipitation of strontium salts by calcium sulphate. 

8. — In very dilute solutions the eulphates of the alkaline earths are not 
precipitated rapidly. Time should be allowed for the complete precipitation. 
Boiling and evaporation facilitates the reaction. 

9. rt should be noticed that the teat for calcium as an oxalate is made upon 
that portion, of the calcium not removed by E,SO,; or in other words upon a 
solution of OaSO, (1-500). A solution of SrSO, (1-10,000) may be present but 
Is not precipitated by (NH,),C,0, . The presence of a great excess of 
(NH,),SO, prevents the precipitation of traces of calcium salts by (HH,),C,0. . 

§193. Hanipnlation. — To a portion of the filtrate from the carbonates 
of Ba , Sr , and Ca add a drop or two of (5^4)280, and then a few drops of 
(NH,)jCjOj ; filter if a precipitate' is obtained and test the filtrate for Xs 
with Rs^EFO^ . A white precipitate — MgNH.PO,— is evidence of the 
presence of magnesinm. The other portion of the filtrate from the car- 
bonates of Ba , Sr , and Ca is reserved to be tested for the alkali metaU 
(§211)- 

{104. Noteg. — 1. By some, megDestum is classed in the last or alkali group 
instead of in the alkaline earth group. It is not precipitated by the (NH,),CO, , 
yet in the general properties of its salts it is so closely related to Ba , St and 
Cn , that it is much better regarded as a subdivision of that group than as 
belonging to the alkali group (S17B and ffO- 

2. Traces of B&, Sr and Ca may remain in solution after adding (lTH,),CO, 
and warming; due to the solvent action of the ammonium salts present. To 
prevent these traces giving a test for magnesium wilh Mei,HP0, , a drop or 
two of (lfH.),SO, is added to remove barium .or strontium and a few drops of 
(KH|)jC,0. to remove calcium. Ttie precipitate (if any forms) is removed by 
filtration, before the Ha.HPO, is added. 

3. The precipitate of MgNH.PO, does not always form rapidly if only small 
amounts of Hg are present, and the solution should be allowed to stand. 
Itubbiug the sides of the test tube with a glass stirring rod promotes the pre- 

i. The precipitation of Vlg as MgNH.FO, is fairly delicate (1-71,493) (Kissel, 
Z., ISfiB, 8, 173): but not at nit characleriKlic, as the phosphates of nearly all the 
metala are white and insoluble in water. Hence the reliability of this test for 
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magnesium depends upon the rigid exeluHoit of the other metals (not alkoUs) 
b; the previous processes of analysis. 

5, Lithium phosphate is not readily soluble in water or ammonium salts and 
nay give a test for magnesium. See SBIO, 6d. 

§196. The unlike solubilities in alcohol, of the ohloridea and nitratei of 
1)ariuni, etrontium and calcium enable ub to separate them quite closely by 
absolute alcohol, and approximately by "strong alcohol," as follows: 

Dissolve the carbonate precipitate in HCl , evaporate to dryness on the 
water-bath, mh the residue to a fine powder in the evaporating dish, and 
digest it with alcohol. Filter through a small fitter, and wash with alcohol 
<5c, §§186, 187 and 188). 



B«aldaft: BaCl, . 
Dissolve in water, test 
with CaSO. , SrBO. 
SiCr.O, , etc. 



PUtmt*: SrCl, and CaCl, . 
Evaporate to dryness, dissolre in water, change to 
nitrates by precipitating with (NH.},CO, , wash- 
ing and dissolving in HNO, . Evaporate the 
nitrates to dryness, povfder, digest with alftohol,* 
filter and wash with alcohol <or digest and wash 
with equal volumes of alcoho) and ether). 



KMldne: 8r(N0,), . 
Precipitation by CaSO, 
in water solution; 
flame test, etc. 



Filtrat*: Ca(NO.), . 
Precipitation by B:,SO, 
in alcohol solution, bj 
(irH,),C,0, , etc. 



Or, the alcoholic filtrate of SrClj and CaCl, may be precipitated with <a 
drop of) sulphuric acid, the precipitate filtered out and digested with 
solution of (HHJjSO^ and a little NE.OH. Residue, SrSO,. SoUttitm 
contains CaSO^ , precipitable by oxalates. 

§196. If the alkaline earth metals are present in the original material 
as phoiphatsa, or in mixtures such that the treatment for solution will 
bring them in contact with phosphoric acid; Ihe process of analysis miiBt 
be modified. One of the methods given under analysis of third and fourth 
group metals in presence of phosphates (§145 and //.) must be employed. 

gl97. The presence of ozalatea will also interfere, necessitating the 
evaporation and ignition to decompose the oxalic acid (§161). 
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The Alkali GRonp (Sixth Ghoup). 
Fotasrinm. E = 39.11. CMiinm. Ci = 132.9. 
Sodinm. Ha, = S3.05. Babidiiim. B,b := 85.1. 
Ammoniom. (ITHi)'. Lithiiim. Li = 7.03. 

§198. The metals of the alkaliE are highly combuBtible, oxidizmg quickly 
in the air, displacing the hydrogen of water even more rapidly than zinc 
or iron displaces the hydrogen of acide, and dieplacing non-aikali metals 
from their oxides and salts. As elements they are very strong reducing 
agents, while their compounds are very stable, and not liable to either re- 
duction or oxidation by ordinary means. The five metals, Ce , Rb , E , 
Vft , Xi , present a gradation of electro-positive or basic power, cssium 
being strongest, and the others decreasing in the order of their atomic 
weights, lithium decomposing water with less violence than the others. 
Their specific gravities decrease,* their fusing points rise, and as carbon- 
ates their solubilities lessen, in the same order. In solubility of the phos- 
phate, also, lithium approaches the character of an alkaline earth. 

Ammonium is the basal radical of ammonium salts, and as such haa 
many of the characteristics of an alkali metal. The water solution of the 
gas ammonia, HH, (an anhydride), from analogy is supposed to contain 
uomonium hydroxide, HH,OH, known as the volatile alkali. Potassiura 
and sodium hydroxides are the fixed alkalis in common use. 

§199. The alkalis are very soluble in water, and all the important salts 
of the alkali metals (including NH^) are solvhle in water, not excepting their 
carbonates, phosphates (except lithium), and silicates; while all other 
metals form hydroxides or oxides, either insoluble or sparingly soluble, and 
carbonates, phosphates, silicates, and certain other salts quite insoluble in 
water. 

Their compounds being nearly all soluble, the alkali metals are not pre- 
cipitated by ordinary reagents, and, with few exceptions, their salts do not 
precipitate each other. In analysis, they are mostly separated from other 
metals by non-precipitation. 

§200. In accordance with the insolubility in water of the non-alkali 
hydroxides and oxides, the alkali hydroxides precipitate all non-alkali metals, 
except that ammonium hydroxide does not precipitate barium, strontium, 
and calcium. These precipitates are hydroxides, except those of mercury, 
silver, and antimony. But certain of the non-alkali hydroxides and 
oxides, though insoluble in water, dissolve in solutions of alkalis; hence, 
when added in excess, the alkalis redissolve the precipitates they at first pro- 
duce with salts of certain metals, viz. : the hydroxides of Pb , Sn , 8b (oxide). 



■ Bioept those of potuslum laSTSI and wxUum 10.9736). 
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Zu, Al, and Cr disBolve in the fized alkalis; and oxide of kg and b;- 
droxideB of Cd > Cd , Zn , Co , and Ki diseolye in the volatile alkali. 

§201. Solutions of the alkalis are caustic to the taste and t<nich, and 
turn red litmus blue; also, the carbonates, acid carbonates, normal and 
dibasic phosphates, and some other salts of the alkali metals, give the 
"alkaline reaction" with test papers. Sodium nitroferricyanide, with 
hydrogen sulphide, gives a delicate reaction for the alkali hydroxides 
(§207,66). 

§202. The hydroxides and normal carbonates of the alkali metals are not 
decomposed by heat alone (as are those of other metals), and these metaU 
form the only acid carbonates obtained in the solid state. 

§203. The fixed alkalis, likewise many of their salts, melt on platinnm 
foil in the flame, and slowly vaporize at a bright red heat. All salts of 
ammonium, by a careful evaporation of their solutions on platinum foil, 
may be obtained in a solid reaidue, which rapidly vaporizes, wholly or 
partly, below a red heat (distinction from fixed alkali metals). 

§204. The hydroxides of the fixed alkali metals, and those of their salts 
most volatile at a red heat, preferably their chlorides, impart strongly 
characteristic colors to a non-luminous flame, and give well-defined spectra 
with the spectroscope. 

§206. Potagainm. E — 39.11 . Valence one. 

1. ProparUsB.— Spect/lc gnivity, 0.S7S at 13° (Baumhauer, B., 1873, 6, «55). 
Melttng poiiU. 02,1° (Hagren, C. C, 1883, 129). Boiling point, 719° to 731° (Car- 
nelley and Wifliama, B., 1879, 12. 1360); mT (I'etmaii, J. t\ 1889, 6B. 328). 
Silver-white metal with a bluish tinge. At ordinary temperature of a wax-like 
conEiatenoy. ductile and malleable; at 0° it is brittle. It is harder ttaao Na 
and is scratched by Li , Fb , Ca and Sr . The g'lowiiig vapor is a very beautiful 
iutenKe violet (Dudley, Am., 1892, 14, 185). It is neKt to caesium and rubidium, 
the most electro-positive of all metals, remains unchanged in dry air, oxidizes 
rapidly in moist air, and deeoraposea water with grreal: violence, evolving 
hydrogen, burning with a violet flame. At a red heat CO and CO, are 
decomposed, at a white heat the reverse action takes place. Liquid chlorinr 
does not attack dry pot;:ssium (fiautier and Charpy, C. r., 1891, H3, 597). Acids 
attack it violently, evolvinf; hydrogen. 

2. Occurrence. — Very widely distributed as a portion of many silicates. In 
Hea water in small amount as KCl . In numerous combinations in the large 
salt deposits, especially at Stassfnrt; e. g., camallite, KCl.MgCl, + GH,0: 
kainite, K,SO, J(^0,.HgCl. -|- 6H,0 , etc. As an important constituent of 
many plants — grape, potato, sugar-beet, tobacco, fumaria, rumex, oxalis, etc, 

3. Preparation,— (7) fly reduction of the carbonate with carbon. (3) By 
■jleetrolvsia of the hvdro.\ide (Ilomins' and Kasemeyer, B., 1889. 2S. HTTc; 
Castner, B.. 1S92, 25, 179c), (3) By reduction of K,CO, or KOH with iron car- 
bide: 6K0H + sreC, = 6K -I- 2rB -I- 2C0 + 2C0, -|- 3H, <Castner, C. N.. ISSfi. 
64, 218). (i) By reduction of the carbonate or hydroxiSe with Pe or Mg 
(Winkler. B., 1S90. 23, 44). 

4. OxidBa and Mj6io:xid*.—Potasaiam owide," K,0 , is prepared by carefully 

• The eilstenoe of th^oildea M',0 of K, Ha and R1> Is disputed (Erdmaon and KoeUmer, X, 
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heating potassium with the necessary amount of oxjgen (air) (Enhnemann, 
C. C, 1SB3, 491); bIgd by heating K,0, with a mixture of K imd &k (BeketofF, 
C, C„ lasl, 643). It is a hard, gray mass, melting above a red heat. Water 
-cbaDges It to KOH with g-eneration of much heat. Pntaagium hydroxide, EOH, 
is formed by treating K or K^O with water; by boihnj; u xotution of E,CO, 
with Ba, Sr or Ca o\i<ies; by heating KiCO, with F«,0, to a red heat and 
decompoGing the potassium ferrate with water (KllerHhausen, C. C, 1891, (1), 
1047; (3), 399), Pure water-free KOH in a white, hard, brittle maea, melting 
at a red heat. It dissolves in water with generation of much heul. Potntxium 
fuperoride. K,0, , is formed when K is heated in contact with nb'.indonce of nir 
(Harcoiirt. /. C, 1862. 14, 2fi7): niso by bringing K in contact with KNO, 
heated until It begins to evolve (Ilolton, C. .Y., IH8G, 53, 3)49). It Is an amor- 
phous powder of the color of lead chromate. T'pon ignition In a silver dish 
oxygen is evolved and K,0 and Ag.O formed (Harcourt, 1. c). Moist air or 
water decomposes it with evolntion of oxj-gen. It is a powerful oxidizing 
ai^ent, oxidizing S° to Svi , P° to Pv . K , As , Sb . Sn , Zn . Cu . Te , Ag and Pt 
to the oxides (Bolton, I.e.; Brodie. Proc. Ron. 8oc., 1863, 13, 309). 

5. SoluhllltleB.— E and X,0 dissolve in water with violent action, forming 
KOH , which reacts with all acids forming soluble salts. Potassium diBaolvea 
in alcohol, forming potassium atcoholate and hydrogen. 

Potassium platinum chloride, acid tartrate, silico- fluoride, picrate, phoe- 
phomolybdate, perchlorate, and chlorate are only sparingly soluble in 
cold water, and nearly insoluble in alcohol. The carbonate and sulphate 
are insoluble in alcohol. 

6. BeaDtiooi. a.— Potassium and sodium hydroxides are very strong- 
bases, fixed alkalis, and precipitate solutions of the salts of all the other 
metals (except Ca , Kb , and Li), as oxides or hydroxides. These precipi- 
tates are quite insoluble in water, except the hydroxides of Ba , Sr , and 
Ca , Excess of the reagent causes a resolution with the precipitates of 
-Pb, Sb, 8n, Al, Cr, and Zn, forming double oxides as, E^FbO, , potas- 
sium piumbite, etc. Potassium carbonate is deliquescent, strongly alkaline, 
and precipitates solutions of the salts of the metals (except Cb , Sb , Ka . 
and li), forming normal carbonates with Ag , Hg', Cd , Fe", Kn , Ba , Sr , 
and Ca ; oxide with 8b ; hydroxide with Sn , Fe'", Al , Or"' and Co'"; basic 
salt with H(f", and a basic carbonate with the other metals. 

ft.--The potassium salts of HCK, H^Fe{CN)4 , H,Fe(ClI), , and HCITS 
find extended application in the detection and estimation of many of tha 
heavy metals. 

Tartaric acid, HjC,H,Og , or more readily sodium hydrogen tartrate, 
H'aHC,H,OB , precipitates, from solutions sufficiently concentrated, potas- 
sium hydrogen tartrate, KHC^H^O^ , granular-cryHtallinc. If the solution 
be alkaline, tartaric arid should be added to strong acid reaction. The 
test must he lUiide in absence of non-alkali bases. The precipitate is in- 
creapod by agihition, and by addition of alcohol. It is dissolved by fifteen 
parts of boiling water ()r eij;]ily-nine parts water at 25°, by mineral acidn,. 
by solution of borax, and by alkalis, which form the more soluble normal 
tartrate, K,C«H,0, , but not by acetic acid, or at all by alcohol of fifty 
per cent, * ^^i 
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Fiorio aoidt C,H,(FO,),OH , precipitates, from eolntions not very dilate, 
the yellow, crystalline potassium picraU, C^j(SOj)fiK , insolable in alco- 
hol, by help of which it ia formed in dilute Bolutions. The dried precipi- 
tate detonates strongly when heated. 

c— If a neutral solution ot a potaaaium salt be added to a Bolotion of eolMltlo 
nitrite,* a precipitate ot the double salt polatfium co&oltlc nitrite, K,Oo(HO,), , 
wilt be formed. In concentrated solutions the precipitate forniB immedlatelr, 
' dilute solutions abould be allowed to stand for some time; aparingfly soluhle Ui 
water, insoluble in alcohol and in a solution of potassium salts, hence the 
precipitation is more valuable as a separation of cobalt from nickel th&n as • 
test for potassium ({132, 6c). 

t otassium nitrate is not found abundsntl}> In nature, but is formed by the 
decomposition of nitrog-enous organic substances in contact with potaaaliim 
sails, " saltpeter plantations "; or by treating a hot solution of N^O, with 
KOI (D., 2, 2, 72). It finds extended application in the manufacture of gun- 
powder, d.— See {206, 6d. 

*.'- Fotaninm Biilpliide may be taken as a type of the soluble sulphides 
■which precipitates solutions of the metals of the first four groups as 
fulphides except: Hg" becomes HgS and Hgr", Fe'" becomes FeS and S, 
and Al and Cr form hydroxides. The sulphides of arsenic, antimony and 
tin dissolve in an excess of the reagent, more rapidly if the alkali sulphide 
contain an excess of sulphur. For the general action of H.8 or soluble 
diilphides as a reducing agent see the respective metals. Potasaimn ml- 
phate is used to precipitate barium, strontium, and lead. It almost always 
occurs in nature as double salt with magnesium, E,80vK^0..]Eg<!l, + 
6H:0, kainite, and is used in the manufacture of KA1(S0J,, EjCO, and 
KOH . As a type of a soluble sulphate it precipitates solutions of lead, 
mcrcuropum, barium, strontium, and calcium; calcium and mercurosum 
inconipletely. 

f. — Fotasslnm chloride precipitates the metals of the first group, acting 
thus as a type of the soluble chlorides. It is much used with sodinm 
nitrate in the preparation of potassium nitrate for the manufacture of 
gunporfder, in the preparation of KjCO, , EOH, and also as a fertilizer. 
Totauinm bromide a.s a type of the soluble bromides precipitates solutions 
of Fb, Ag, and 'Bjg (K^' incompletely). Fotanium iodide finds extended 
use in analytical chemistry in that it forms many soluble double iodides; 
it i^i al.-o extcui'ivcly u;cd in medicine. As a type of a soluble iodide it 
precipitates solutions of the smalts of Fb, Ag, Hg, and Cu'. Cu" aalta 
rrc jirccipitatod cs Cul with liberation of iodine. Fe'" salts are merely 
reduced to Fe" salts with liberation of iodine. Arsenic acid is merely 
reduced to arsenous acid with liberation of iodine. 
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rot:tS8ium chlorats is uaed as a source of oxygen and db an oxidizing- agent 
in auid eolutions. Sodium parchlora.te. NaClOj . precipitates from solutions ol 
potansiuQi salts fiotiiimium perchlwale, EClO. , spBring-ty soluble in water and 
almost insoluble in strong alcohol (Kreider. Z. anorff., 1895. 9. ;i4a). Fotassluin. 
iodato is used as a, reagent in the detection of barium as Ba(IO,), . g. — The 
oxides of arsenic act ne acid anhj-drides toward XOH and form stable soluble 
potassium salts, arsenites and arsenates, which react with the salts of nearly 
all the heavy metals. A. — Potassium ohromftts and dlcliroinate are both exten- 
Bively used as reagents, especially in the analysis of Ag , Fb and Ba ealts. 

i, — FluoBilicio acid, H^SiF, , precipitates from a neutral or slightly 
acid solution of potasBinm salts, potassium floosilicate (silico-fluoride), 
KjSlF,, soluble in 833.1 parts of water at 17.5°; in 104.8 parts at 100°; 
and in 327 parts of 9.6 per cent HCl at 14° (Stolba, J. pr., 1868, 103, 396\ 
The precipitate is white, very nearly transparent. 

y, — Platinio Chloride, PtCl, , added to neutral or acid solutions not too 
dilute, with hydrochloric acid if the compound be not a chloride, precipi- 
tates potassium platinic chloride, (EC1)3ptCl, , crystalline, yellow. Non- 
alkali bases also precipitate this reagent, and if present must be remoyed 
before this test. The precipitate is soluble in 19 parts of boiling water, 
or 111 parts of water at 10°. Minute proportions are detected by evapor- 
ating the solution with the reagent nearly to dryness, on the water-hath, 
and then disBolving in alcohol; the yellow crystalline precipitate, octahe- 
dral, remains undissolved, and may be identified under the microscope, 

fc.— An alcoholic solution of BiCl, in excess of Na,8,0, gives a yellow pre- 
cipitate with solutions of potassium salts (Pauly, C. C, 1887, S53). I.— Oold 
cnlorlda added to sodium and potassium cMoride forma double salts, e. ff., 
KCl-AuCI, + 2H,0. If these salts are dried at 100' to 110° to remove water 
and acids, the sodium salt is soluble in ether (separation from potassium) 
(Fasbender, C, C, 1894, 1, 400). 

7. Ignition.— Ignited potassium hydroxide or potassium carbonate ia a 
Taluable desiccating agent for use in desiccators or in liqaids. A mixture 
of molecular proportions of E^COj and Na.CO, melts at a lower tempera- 
ture than cither of the constituents, and is frequently employed in fusion 
for the transposition of insoluble metallic compounds: BaSO, -\- EiCOj = 
BaCO, + K,80. . 

Potassium compounds color the flame viokt. A little of the solid 
substance, or residue by evaporation, moistened with hydrochloric acid, 
is brought on a platinum wire into a non-Iuminoua flame. The wire 
should be previously washed with HCl , and held in the flame to insure 
the absence of potassium. The presence of very small quantities of 
sodium enables its yellow flame completely to obscure the vxoUt of potaa- 
sium; but owing to the greater volatility of the latter metal, flashes of 
yioiet are sometimes seen on the first introduction of the wire, ot «t -the 
border of the flame, or in its base, even when enough sodium is ffresent 
to conceal the violet at full heat. The interposition of a blue gla«^ or 
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prism filled with indigo loliitioii, sufficiently thick, entirely cuts oft tho 
jellow light of sodiiim, and enables the potaBsium flame to be seen. The 
red rays of the Htkium flame are also intercepted by the blue glass or 
indigo prism, a thicker stratum being required than for sodium. If 
organic substances are present, giving luminosity to the flame, they must 
be removed by ignition. Certain non-alkali bases interfere with the 
examination. Silicates may be fused with pure gypsum, giving vapor of 
potassium sulphate. Bloxam (J. C, 18G5, 18, 299) recommends to fuse 
insoluble alkali compounds with a mixture of sulphur, one part, and 
barium nitrate, six parts: cool, dissolve in water, remove the barium with 
NH^OH and {HH,),CO, and test for the alkalis as usual. 

The volatile potassium compounds, when placed in the flame, give a 
widely-extended continuous fpectrvm, containing two characteristic lines; 
one line, E a, situated in the outermost red, and a second line, E ?, far in 
the violet rays at the other end of the spectrum. 

8. Deteetion. — Potassium is usually identified by the violet blue color 
which most of its salts impart to the Bunsen flame (7). Sodium inter- 
feres but the intervention of a cobalt glass (§132, 7) or a solution of 
indigo cut« out the yellow color of the sodium flame and allows the violet 
of the potassium to he seen. Some of the heavy metals interfere, hence 
the test should be made after the removal of the heavy metals (§§811 
and 212). 

Potassium may be precipitated as the platinichloride (6/) ; as the per- 
ohlorate (6^; as the silico-fluoride (6t); as the acid tartrate (€(); etc. 
Certain of these reactions are much used for the quantitative estimation 
(9) of potassium but are seldom used for its detection qualitatively. 

9. Estimation. — (1) Potaaeium is converted into the eulphste or phoaphate 
and weif;hed as such, (i) It la precipitated and weiffhed bk the double chloride 
with platinum. (9) If present aa KOH or K,CO, it ie titrated with standard 
acid (Kippenberger, Z. angev}., 1BB4, 495). (i) It ia precipitated wLth H,S1F, 
and atrong alcohol. (5) Indirectly when mixed with aodium. by convertiDg- 
into the chlorides and weighing' as such: then determining the amount of 
chlorine and calculating the relative amounts of the alltalis. (6) It is pre- 
cipitated as the bitartrate in presence of alcohol and, after flltration and 
solution in hot water, titrated with deci-normal KOH. (7) By precipitation as 
the perehlorate, KCIO, (Wenae, Z. ani?™?., 1892, 233; Caspari, Z. angev., 1893, 68). 

10. Oxidation. — Potassium is ^ very powerful reducing agent, its aflinity 
for oxygen at temperature not too high is greater than that of any other 
element except C> and Eb . For oxidizing action of EjO, see 4. 



§206. Sodium. Ka = 23.05 , Valence one. 

1. VTop»rtiw.~Specifie gmtily. 0.9735 at 13.5° (Baurahauer. B., 1873, 6. 6«5); 
0.7414 at the boiling point (Ramsay, B.. 1860, 13. 2148). Melting point, B7.6' 
(Bagen, B., 1883, 16, 1668). BitiUng point, 742° (Perman. C. S., leSB, B9, 237). 
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A silver-white metal with a. Ktrong metallic lustre. At ordinary temperatures 
it ia softer than LI or Fb, and can be pressed together between the flogera; 
at ^20° it is quite hard; at 0° very ductile. It oxidizes rapidly in moist air 
a.nd must be kept under benzol or kerosene. It decomposes water violently 
even at ordinary temperatures, evolvinff hydrogen, which frequently ignites 
from the heat of the reaction: 2Na + 2H,0 ^^ 2NaOH + H. . It burns, when 
beated to a red heat, with a yellow tlame. i ure dry Xft is scarcely at all 
attacked by drj' HCl (Cohen, C. A'.. 1886, M, IT). 

2. Occurrance. — Xever occurs tree in nature, but in its variaus combinations 
one of the most widely diffused metals. There is no mineral known in which 
its presence has rot been detected. It occurs in all waters mostly as the 
chloride from traces in drinking waters to a nearly saturated solution in some 
mineral waters and in the sea water. It is found in enormous depoaits as rock 
salt, NaCI; as Chili saltpetc-. NalTO,; in lesser quantities as carbonate, borate, 
sulphate, etc. 

3. Freparatloii. — {I) By igniting' the carbonate or hydroxide with carbon; 
(2) by igniting the hydroxiOe with metallic iron; (3) by electrolysis of the 
ijdrorfde; H) by gently heating the carbonate with Xg . 

4. Oxldaa and SydioxldeB. — Sodium oxide, Na.O , is formed by burning 
Hodiiim in axygea or in air and heating again with Na to decompose the N«tO, 
(gSDS, 4, footnote). Sodium hydroxide, NaOH , is formed by dissolving the 
metal or the oxide in water (Jtosenfeld, J. pr., 1893, (S), 48. 599): by treating 
a solution of sodium carbonate with lime; by fusion of NaNO, with CaOO, . 
CaO and Ha,CO, are formed and the mass is then exhausted with water; by 
igniting Na,CO, with re,0, , forming sodium ferrate, which is then decom- 
posed with hot water into NaOH and Fe(OH). (Solvay, C. 0., ISST, SSS). It la 
a white, opaque, brittle crystalline body, melting under a red heat. TTiB 
fased mass has a sp. gr. of 2.13 (Filhol, A. Ch.. 1B4T, (3), SI, 415). It has a very 
powerful affinity for water, gradually absorbing water from CaOl, (Multer- 
Erzbach, B., 1878, 11, 409). It is soluble in about 0.47 part of water according 
to Binean {C. r., 1855, 41, 509). 

Sodium peroxide, Na,0,', is formed by heating sodium in 00, free air or 
oxygen (Prud'homme, C. C, 1893, (1), 1B9). It reacts as H,0, , portly reducing 
and partly oxldliing. It may be fused without decomposition. Water decom- 
poaea it partially into NaOH and H,0, . 

5. Solubilities. — Sodium and sodium oxide dissolve in water, forming 
the hydroiide, the former with evolution of hydrogen. In acids the 
corresponding sodlora salts are formed, all soluble in water except sodium 
pjroantimonate, which is almost insoluble in water, and the fluosilicate 
sparingly soluble. 

The nitrate and chlorate are ikliqvescent. The carbonate (10 aq), sul- 
phate (10 aq), sulphite (8 aq), phosphate (12 aq), and the acetate (3 aq) are 
«ffl orescent. 

6. BeaotiDU. a. — As reagents sodium hydroxide and carbonates act in 
all respects like the corresponding potassium compounds, which see. 



6. — By the greater solubility of the plcrate aAd acid tartrate of sodinm, that 
metal is separated from potassium (S20S, 6fi). c— Sodium, nltrata occurs In 
nature in large quantities as Chili saltpeter, used as a fertilizer, for the manu- 
facture of nitric acid, with ECl tor making ENOi , etc. 

d. — Sodium phoiphate, Na^HTO, , is much used as a reagent in the 
precipitation and estimation of Fb , Hn , Ba , Sr , Ca , and I^ . The 
phosphates of all metals except the alkalis are insoluble in water (lithiom 
phosphate is only sparingly soluble (§210, 5c), soluble in acids). Solu- 



tioiiB of alkali phoephateB precipitate aolutiona of all other metallic salts 
as phosphates (secondarj', tertiarj' or basic) except: HgCI^ precipitates a* 
a basic chloride (§58, 6d), and antimony as oxide or oxychloride (§70, 6(j). 

c> f- S< ft- — -^s reagents the BOdium salts react similar to the corresponding' 

Sitassium Ealts, whitb eee. i. — Sodium fluoiBllicate is soluble in 153.3 parts 
,0 at 17.5° and in 40.66 parts at 100° (Stolba, Z,. 1872, 11, 199); hence ie not 
precipitated by fluosilicic acid except from very concentrated Bolutions 
(Eeparation from K). /.—Sodium pl&tlnlc chloride, (NaClJ.PtCl, , cryetalliMs 
from its concentrated solutions in red prfstna, or prismatic needles (dialinction 
from poiassium or ammonium). A drop of the solution to be tested is slightly 
acidified with hydrochloric acid from the point of a RlasH rod on a alip of glass, 
treated with two drops of solution of platinic chloride, left a short time for 
spontaneous evaporation and crystallization, and observed under the micto 
acope. 

k. — Solution of potasaium pyroantimonate, EjEjSh,0, , produces in 
neutral or alkaline solutiona of sodium salts a slow-forming, white, crystal- 
. line precipitate, KajH^Sb^O, , almost insoluble in cold water. The reagent 
. must be carefully prepared and dissolved when required, aa it is not per- 
manent in solution (§70, 4c). 

7. I^ition. — -Sodium bicarbonate, NaHCO, , loses HjO and CO, at 125° 
becoming Na^CO, , no further decomposition till 400° when a very small 
amount of KaOH is formed (Kirsling, Z. angew., 1889, 332). 

Sodium compounds color the flame intensely yellow, the color. being 
Bcarcely affected by potassium (at full heat), but modified to orange-red 
by much lithium, and readily intercepted by blue glass. Infusible com- 
pounds may be ignited with calcium ti^ulphate. The test is interfered with 
by some non-alkali bases, which should be removed (§§211 and 218). 

The spectrum of sodium consists of a single broad band at the S line in 
the yellow of the solar spectrum separable into two bands, D, and D„, by 
prisms of higher refractive power. 

The amount of sodium in the atmosphere, and in the larger number of 
substances designed to be " chemically pure " is sufficient to give a dis- 
tinct but evanescent yellow color to the flame and spectrum. 

8. Setectioa. — Sodium is usually detected by the color of the flame, 
yellow, in absence of the heavy metals. In the usual process of analysis 
the presence or absence of sodium is determined in the presence of 
magnesium (as IfagHPO, is the usual .reagent for the detecti on of mag- 
nesium, it is evident that'flie presence or abse n c e ^^t^ojodiugLmufltJie 
determined before the addition of that reagent); and as that metal gives 
a ydlowieh color to the flame it must "Be Temoved if small qu&ntities of 
sodium are to be detected. For this purpose the filtrate from Ba , Sr and 
Cft is evaporated to dryness and gently ignited to erpel all ammonium 
saltp; then taken up with a small amount of water and the magnesium 
precipitated as.the hydroxide with a solution of banom hydroxide. After 
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filtratioD the barium is removed by (BH4),C0a or HjSO^ aod the filtrate 
tested for sodium by the flame or by the pyroantimonate test (Cfe). 

9. Esttmattos. — 11) If present ob hydroxide or carbonate, by titration with 
standard acid (Lunge, Z. angew., 1897, 41). (2) By converting into the chloride 
or sulphate and weighing as such. (3) In presence of potassium by converting 
into the chloride, weighing as sucb. tben estimating the amount of chlorine 
with AgHO, and computing the amounts of E and Na. (i It is precipitated 
by K^H,Sb,0, and dried and weighed as Na,H,Sb,0, . 

10. Oxidation. — Sodium ranks with potassium as a very powerful re- 
ducing agent. It is not quite so violent iu its reaction and being much 
cheaper is almost universally used instead of potassium. Sodium peroxide 
may act both as a reducing and oxidizing agent. The action is similar to 
HjOj in alkaline solution, which see (§244, 6). 



§207. Ammoniiun. (RH4)'. Valence one. 

1. TT0pwti*B.—8peciflc oiwity ot NH, gaa, O.SSa (Fehling, 1, 384); of the 
liqaid, 0.6234 at 0° (Jolly, A., 1861, 117, 181). The liquid boils at —33.7°, at 
0° the liquid has a tenHion of 4.8 atmospheres (Bunsen, Pogff., 183a, 46, 95). 
Liquid ammonia in a colorless mobile liquid, burns in air when heated or in 
oicygen ^thout being previously heated. At ordinary temperature it is a gas 
with very penetrating odor. It burns with a greenish -yet low flame, and com- 
bines energetically with acids to form salts, the radical HTB, being monovalent 
and acting In many respects aimilar to K and Na . At 0° one volume of water 
absorbs 1049.6 volumes of the gas: at 15°. TST.22 volumes (Carius, A., isse, 99, 
144), One gram of water, pressure 760 mm. and leraperature 0°, absorbs 
0.899 gram of KH,; with temperature 16°, 0.578 gram (Sima, .1., 1861. 118. 345). 

2. OccarT«nc«. — Free ammonia does not occur in nature. Various ammonium 
salts occur widely distributed: in rain water, in many mineral waters, in almost 
all plants, among the products of the decay or decomposition of nitrogenous 
organic bodies, etc. 

3. Praparatlon. — It is obtained from the reduction of nitrates or nitrites by 
nascent hyd roge n in alkaline solution, e. p., 8A1 + 5E0H + 3KN0, + 2H,0 := 
SEAIO, + 3NH,; by the reduction with the hydrogen of the zinc-copper couple; 
by boiling organic compounds containiiig nitrogen with KHnO, in strong 
alkaline solution (as in water analysis); also by the oxidation of nitrogen in 
organic bodies with strong sulphuric (Kjeldahl method of nitrogen determina- 
tioo). It ia prepared on a larger snale by heating an ammonium salt vrith lime 
(or some other strong tmae). Nearly all the ammonium hydroxide and am- 
monium salts of commerce are obtained as a by-product in the production of 
Illuminating gas by the destructive distillation of coal. 

4. Hydroxide, — Ammonium hydroxide, NH,OH , is made by passing 
ammonia, KH, , into water. The gas is absorbed by the water with great 
avidity, and a strongly alkaline solution is produced. A solution having 
a sp. gr. of 0.90 at 15° contains 88.33 per cent of HH3 (Lunge and Wiemifc, 
Z. angew., 1889, 183). 

5. Solnbilities, — Ammonia, HH, , and all ammoniiun salts are soluble in 



water. Ammonia dissolves less readily in a strong solution of pota; 
hydroxide than in water. The carbonate (acid), and phosphate are efilores- 
cent. The nitrate and acetate are deliquescent, the sulphate slightly deli- 
quweent. 1 
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G. Beaotioni. a. — The fixed alkftli hydroxidei and ouboiuttei liberate 
ammonia, NH,, from all ammonium salts, in the cold and more rapidly 
upon heating. Ammoninm hydroxide, volatile alkali, colors litmus blue, 
neutralizes acids, forming salta, and precipitates solutions of the metals of 
the first four groups, manganese and magnesium salts imperfectly; due to 
the solubility of the hydroxide formed, in the ammonium salt produced 
hy the reaction, and with these metals if excess of ammonium salts be 
present no precipitate will be fonned by the KH^OH . The precipitate is 
a hydroxide except : with AgT and Sb it is an oxide, with mercury a sub- 
stituted ammonium salt and with lead a basic salt (see below, i and I). 
With salts of Ag , Cn , Cd , Co , Hi , and Zn the precipitate redissolvea in 
excess of the reagent. Anunoniom CRrbonate, (]n!f4)iC03 , is unstable and 
used only in solution. It is formed by adding ammonium hydroxide to a 
solution of the acid carbonate of commerce. It precipitates solutions of 
all the non-alkali metals, chiefly as carbonates except magnesium salts 
which are not at all precipitated, as a soluble double salt is at once formed 
{reparation of Ba , 8r , and Ca from Hg). With salts of A(r , Cn , Cd , Co , 
"Si , and Zn , the precipitate is redissolved by an excess of the ammoninm 
carbonate. 

h. — Dilute solutions of picrio acid with ammonium hydroxide form in- 
tensely colored yellow solutions, a precipitate of ammonium picrate is 
formed if the solutions are quite concentrated. Tartaric acid precipitates 
ammonium salts very closely resembling the precipitate of potassium acid 
tartrate. The ammonium salt is more soluble in water than the potas- 
sium salt and docs not leave EjCO, upon ignition. Sodiom nitrofeiri- 
oyanide, Na,Fe(KO)(CN)e, added to a mixture of NH^OH and H^ 
[(NH4)2S] gives a very intense purple color, charaoteristic of alkali 
sulphides and the manipulation may be modified so as to give a very deU- 
cate test for the presence of an alkali hydroxide or of hydrosulphnrie acid. 
In no case, however, can the H,S be directly added to the sodium nitro- 
ferricyanide as it causes oxidation of the sulphur. To test for ammonia 
the gas should be liberated by EOH and distilled into a solution of E^S ; 
and this solution added to the Nas,Fe(HO){CH)e . 

e, — Ammoniuin nltrlt*, NH,NO, , is used in the preparation of nitrogen 
<J23B. 3); ammonium nltrata in the preparation at nitrous oxide, V.O. 
" Inug-hing gaa " (S237). d. — Ammoniuin phospbate, as a reagent, Bcts 
similarly to sodium phoeptaate. When sodium phosphate, Na,HPO, , is used to 
precipitate metala in the presence of ammonium hydroxide, a double pho«tJi»te 
of the metal and ammonium is frequently formed as KnlTH,PO, , 1CeNH,F0,. 
etc. By some chemists microcosmic salt, NaHH,HFO, , is preferred to Rodiiuii 
phosphate, Na,HPO, , as a reagent. 

e. — When ammonium hydroxide is saturated with Hj8 , ammonium stjl- 
fkide, (KHJjS , is formed. Complete saturation is indicated by the faOiire 



§207, 6i;. AMMOSICM. 331 

to precipitate magDeBium Baits, that Ib, KH^OH precipitates magnesium 
salts while (VH4)jS does not. Freshly prepared ammonium sulphide is 
colorless, but upon standing becomes yellow with loss ot ammonia and 
formation of the poly-sulphides, (h 114)18, , The yellow poly-sulphide 
may also be formed by dissolving sulphur in the normal ammonium sul- 
phide. As a precipitant ammomum sulphide acts similarly to the fixed 
allcali sulphides. The sulphides of Sb'" and Sn" are with great difficulty 
soluble in the normal ammonium sulphide, but readily soluble in the 
poly-snlphide. Kickel sulphide, NiS , is insoluble in normal ammonium 
snlphide but is sparingly soluble in the yellow poly-sulphide (distinctioD 
from cobalt). (KH4)iS gives a rich purple color with sodium nitroferri- 
cyanide (h). Anunoainm inlphate as a precipitating reagent acts similar 
to all soluble sulphates (§205, 6e). A 25 per cent solution of (NH.)^^ 
is used to dissolve CaSO^ (§188, 5;) (distinction from Ba and Sr). 

/. — Ammonilba chloride is much used ae a reagent. It prevents pre- 
cipitation of the salts of Kn by the HH,OH , and is of special value in the 
precipitation of the third group as hydroxides and the fourth group as 
sulphides by preventing the formation of soluble colloidal compounds. 
The solubility of the precipitateB of the carbonates of the fifth group is 
slightly increased by the presence of ammonium chloride; i, «., very dilute 
solutions of barium, chloride arc not precipitated by ammonium carbonate 
in presence of a large excess of ammonium chloride. The salts of mag- 
nesium are not precipitated by the alSalis or by the alkali carbonates in 
presence of ammonium chloride. The solubility of Al(OH)j is diminished 
by the presence of NH^Cl (§124, 6a, and §117). 

g, A. — Similar aa reagents to the corresponding' potassium salta. 1. — Hiuh 
(lltctc acid, B,SiF, , does not precipitate ammonium salts, the ammonium 
fluoailicate being very soluble in water (distinction from potassium). /. — Plat- 
inum chloride, PtOl, , forms witb ammonium salts the yellow double ammonium 
platinum chloride, (NU,),PtCli , very closely resembling' the potassium salt 
with the same reagent, but upon ignition only the spongy metallic platinum 
is left, 1. e., no chloride of the alkali metal, as KCl . 

1-. — A solution of potawinm meTcmic iodide, E^Hgl^ , containing also 
potassium hydroxide — Kesiler*! teat * — produces a brown precipitate of 
nitrogen dimercurie iodide, KHg^I, dimercur-ammonium iodide (§68, 6a), 
soluble by excess of KI and by HCl ; not soluble by KBr (distinction from 
HgO): 

KH, + 2HeI, = NHg,I + .1HI 

NH.OH + 2K,BgI, + 3K0H = NHs,I + TKI + 4H,0 

* This reagent mar be piepaied as follows : To a solntlon of mercuilo chloride add soloUoa 
of potuiium iodide tUl the precipitate Is nearly all redlwalved ; tbcn add Bolation of potassium 
hrdroiMe Bufflclent to llboTstc ammonia from ammonium salts; leave until tbe liquid beoomea 
clear, and decant fcom any remalnlns sediment. ' 

- - "ilc 
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Thia veiy delicate test is applicable to ammonium hydroxide or salts; 
traces forming only a yellow to brown eoloralion. The potassium mennuic 
iodide, " Meyers Reagent," alone, precipitates the alkaloids from neutral 
or acid solutions, but does not precipitate ammonium salts from neutral 
or acid solutions. Ammonium hydroxide in alcoholic nolution does not 
give a precipitate with Xessler's reagent, but from this solution a precipi- 
tate is formed with HgCl, (De Koninck, Z., 1893, 32, 188). 

I. Mercuric chloride, HgCl^ , forms, in solutions of ammonium hy- 
droxide or ammouium carbonate, the "white precipitate" of nitrogen 
dihj'drogen mercuric chloride, SHiHgCl , or mcrcur-ammonium chloride. 
If the ammonium is in a salt, not carbonate, it is changed to the carbonate 
and precipitated, by addition of mercuric chloride and potassium carbonati; 
previously mixed in solutions {with pure water), so dilute as not to precipi- 
tate each other (yellow). This test is intensely delicate, revealing the 
presence of ammonia derived from the air by water and many substaneee 
(Wittstein, Arch. Pkarm., 1873, 203, 327). 

m. — AJd a small quaotity of recently precipitated and well-washed silTer 
chloride, and. if it doca not dlsnohe after agitation, then add a little pofassium 
hydroxide solution. The solution of the AgCl . before the addition of the fixed 
alkali, indicates free ammonia; offer the addition of the fixed alkali, i 



salt. (Applicable in absence of thiosulphatea. iodides, bromides and HUtpho- 
cyanafes.) 

H.— Soditua pbosphotnoIybdatB (§75, r.d) precipitates ammonium from neutral 
or acid solutions; also precipitates the alUaloldr, even from very dilute solu- 
tions, and, from concentrated solutions, likewise precipitates K, Bb and 0» 
(all the fixed alkalis except Na and Li). 

7. Ig^tion. — Heat Toporizes the carbonate, and the haloid salts ol am- 
monium, undecomposed (dissociated but reuniting upon cooling); decomposes 
the nitrate with formation of nitrous oxide and water, and the phosphate and 
borate with evolution of ammonia. NH, heated to 780' or higher is dissociated 
into N a: d H (Ramsay and Young. J. C, ISS4, 45, 88). 

8. Detection. — As ammonium hydroxide and chloride are used in th^ 
rggularpropqsrof~afml^^iij^_l^'*' original 6ortlfloMEu^|^^bB;3E|JJ3--t&Lj"° 
presence or absence of ammormmr"compound8/ THe~Tiydroxide or ibe 
'carbonate may be detected by the odor (1); the action on red litmus paper 
suspended in the test-tube above the heated solution; the blue color im- 
parted to paper wet with copper sulphate; the blackening of mercurous 
nitrate paper; and if in considerable quantity, the white vapors when 
brought into contact with the vapors of volatile acids. In combination 
as salts the gas is liberated by the fixed alkali hydroxides or carbonates 
(oxides or hydroxides of Ea , Sr , or Ca may be used) and distilled into 
Tfessler's reagent, or collected in water and the test with 'EgClj (CJ) applied 
or any of the tests for ammonium hydroxide. 

9. EBtlmatloa. — Ammonium salts are usually estimated by distillation into ft 
standard acid, from a solution ma de a lkaline with EOH , and titration of the 
excess of the acid with a standard NH,OH solution, usin^ tincture of cochineil 
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as an indicator. It may b« converted into the chloride and precipitated bf 
PtCl, and weighed as the double platinum salt. 

10. Oxidation. — Ammonium salts in solution, treated with cfitorine gas, gen- 
erate the unstable and violently explosive "nitrogen chloride" (NCI,?) (a). 
The same product is liable to arise from solid ammonium salts treated with 
cbloTine. Gaseous ammonia, and ammonium hydroxide, with chlorine gas, 
generate free nitrogen (b), a little ammonium chlorate being formed if the 
ammonia is ia excess. Bnpochloritfs or hypobromileg (or chlorine or bromine 
dissolved in aqueous alkali, ho as to leave an alkaline reaction) liberate, from 
dissolved ammonium salts, all of their nitrogen (as shown in the second equa- 
tion of b); the measure of the nitrogen gas being a means of quantitative 
estimation of ammoniiini. ^Vith iodine, ammonium iodide and the explosive 
iodamides (c) are produced: or under certain conditions an iodate (d). Ammo- 
nium hydroxide is liable to atmospheric oxidation to ammonium nitrite and 
nitrate. Permanganates oxidize to nitrate (f) (Wanklyn and Gamgee, J. O., 
1S68, 21, 20). In presence of Cu the O of the air oxidizes the nitrogen of 
ammonia to a nitrite {f) (Berthelot and SaintrGllles, A. Ch., 1»C4, (4), 1, 381). 
Ammonia is somewhat readily produced from nitric acid by strong reducing 
agfents {g). It ia formed with carbonic anhydride, in a water solution of 
cj'anic acid, and. more slowly, in a water solution of hydrocyanic acid. It ia 
generated, by fixed alkalis, in boiling solution of cyanides (A): also in boiling 
eolutions of albuminoids and other nitrogenous organic compounds, this forma- 
tion being hastened and increased by addition of permanganate (Wanklyn's 
process). Fusion with fixed alkalis transforms all the nitrogen of organlo 
bodiea into ammonia. 

(o) NH.CI -f- 3C], = HCl, + 4HC1 

(6) 8NH. -t- 3ca. = airH,ci -i- ». 

2NH.C1 + 3C1, = 8HC1 -I- N, 

(c) 3NH, +!,= NH.I + NH,I 

(d) eKHtOH 4- 31, = 5HH.I + HH,IO. + 3H,0 

(e) 6NH.0H -I- SHKnOi = .iNH.NO, -t- 8][nO(OH), + 5H,0 
(0 12Cu + 8NH, -I- 90, = ISCuO + 8HN0, + 2H,0 

(S) 3HH0. + 8A1 -I- 8K0H = 8KA10, + alTH, + H.O 
(ft) HCN + KOH -I- H,0 = KH, + KCHO. (formate). 



iB = 132.9 . Valence one. 

1. FrapsrtlM.— Specl/lc grai-ity, 1.88 at 1S° (Setterberg. A., 1882, 211, 100). 
MeMng point, between 28° and 27°. It ia quite similar to the other alkali 
metals; silver-white, ductile, very soft at ordinary temperature. It bums 
rapidly when heated in the air, and takes fire when thrown on water. It may 
be kept under petroleum. It is the most strongly electro-positive of all metals. 

2. Occurrence. — Widely distributed but in small quantities; as caesium 
aluminum silicate (mineral castor and pollux) (Pisani. C. r., 1804, 68, 715): fn 
many mineral springs (Miller, C. N., 1804, 10, ISl): in the ash of certain plants, 
tobacco, tea. etc. 

.1, Freparatloii. — By electrolysis of a mixture of CaCN with Ba(CH),; by 
ignition of CsOH with Al in a nickel retort (Beketoft, C. C, 1801, (E), 450). 

4. Oxld» and EydroxldB. — An oxide has not yet been prepared. The 
hydroxide, CaOH , is a grayish-white solid, very deligvfxcent, nbsorbs CO, from 
the air: dissolves in water with generation of much heat, forming a strongly 
caustic solution. 

.5. Soltibllitiea.— Caesium dissolves with great energy in water, acids or 
alcohol, lil«rating hydrogen and forming the hydroxide, salts or alcoholate 
respectively. The hydroxide is soluble in water and alcohol. The salts are 
all quite readily soluble. The double platinum chloride, Ca.PtCl, . and the 
acid tartrate, CaBCH.O, , being least soluble and used in preparation of the 
salts free from the other alkali metals. 
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6. BaactonB. — In all ite reactions similar to tbe other fixed alkalis. 

T. Ignition. — Caesium ialte color the non-luminoua flame violet. The epec- 
trum g-ives two sharply defined lines, Os a and Cs ji. In the hlue and a third 
faint line in the orange-red Gs , , also several faint linea in the j'ellow and 
green. With the spectroscope three parts of CsCI may be detected in presecce 
of 300,000 to -iOO.oao parts KCl or HaCl; and one part in presence of 1^00.000 
parts LlCl (Bunsen, Pogg., 1ST5, 1S5, 633). 

8. DotBction.— By the spectroscope (7 and 5210, 7). 

9. £atlmatlon.^(/) As the double platinum chloride; (2) as tbe chloride with 
BbCl , estimation of the amount of CI and calculation of the relative amounts 
of the metals; {3) as the sulphate obtained from Ignition of the acid t 
and treatment with H,80, (Bunsen, P<m-, lS(i:i, 119, 1). 



§209. Rubidium. Eb = 85.4 . Valence one. 

1. PwpertlM.— Speri/Ic grariti/, 1.52 (Bunsen, A., ISO.l, 125, 367). Meltlitf 
point, 38.5*; at — 10' soft as wax. A lustrous silver-white metal with a. tinge of 
yellow, oxidizes rapidly in the air, developing' much heat and soon iguiiliig. 
Volatile as a blue vapor below a. red heat. The metal does not keep well 
under petroleum, but is best preserved in an atmosphere of hydrogen. Next 
to caesium it is the most eli-ctro-positlve of all raetuls. 

Z. Occurrencs. — Widely distributed in small qnantitie 
and frequently with the other alkali metals, always ir 
the alkali metals can occur free in nature. 

3, Fi'eparation. — From the mother liquor obtained in the preparation of LI 
salts (Heintz, J. pr., 1862, 87. 310): (/) By ignition of the acid tartrate with 
charcoal: (3) electrolysis of the chloride; {S) by ignition with Hg or Al 
(Winkler. B., IsiiO. 23. 53; Beketoff, B., 1«S8. 21, e. 424). 

'4. Oxide and Sfdroxide. — The oxide Bb,0 has not been with certainty pre- 
pared. The hydroxide, BbOH , is formed when the metal is decomposed by 
water; also through the action of Ba(OH), upon Bb,SO, . It is a gray-white, 
brittle mass, melting under a red heat. 

5. Solubilities. — The metal dissolves in cold water. In acids and in alcohol 
with gri'at energy, evolving hydrogen. The hydroxide is readily soluble in 
water with generation of lieat. The salts are all quite readily soluble. The 
acid tartrate is about eip'ht times less soluble than the corresponding Ca salt.' 
Ajsong the less suhible salts are to be mentioned the perchlorale, the Quosili- 
cate, the double platimim chloride, the silicotungstate, the picrate, and the 
phosphomolybdate. The alum is less soluble than the corresponding potassium 

t,, Beactiona.— .'Similar to the other fixed alkaJlF. 

7. Ignition,— The salts give a violet color to the flame. The spectrum gives 
two chaiact eristic lines in the violet, Eb a and Bh jJ; two less intensive In the 
outer red. Bb ; and Ebd; a fifth Eh fin the orange; and many faint lines in the 
orange, yellow and green. As small a qiiantifv its O.O0OOO02 gram of EbCl can 
be detected (Bunsen. I.e.). 

8. D«t«ctlon,— By the spectroscope (7 and 5210, 7). 

9. Efltimation.— (I) By weighing with CaCl as the chlorides, determining the 
amount of CI and calculating the proportion of the metals; (f) as the double 
platinum chloride. 



§210. Lithinm. Li — 7.03 . Valence one, 

1. Properties,— Spiri/Jc gmriiii. O.-iOSr., the lightest of all known solid bodies 
(Bunsen and Matthiessen, A.. 1855,94, 107). Melting pnini. 180°; does not vaporize 
at a red heat. It is a silver-white metal with a grayish tinge; harder than 
S or Ha hut softer than Pb , Ca or Sr; it is tough and may be drawn into 
wire and rolled into sheets. It is more electro-positive thati the alkaline earth 
metals but less electro-positive tlian K or H» . The pure metal is quite similar 
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In appearance and in tte chemical propertiee to K atid Na , but does not react 
so violently as those metals. It does not ignite in the air until heated to BOO", 
and then bums quietly with a very intense white light. It also burns with 
vivid ineandeseence in CI , Br , I , O , S and dry CO, . It decompoaea water 
readily, lorming LlOE and E , but not with combustion of the hydro^n or 
ignition of the metal. 

2. OccTirrencB, — It is a sparingly but widely distributed metal. Usually pre- 
pared from lepidolite, triphylene or petallte. Traces are fojind in a great 
many minerals, In mineral springs, and in the leaves and ashes of many plants; 
e, ff; coffee, tobacco and sugar-cane. 

3. {preparation. — It is prepared pure only by electrolysis, usually of the 
chloride. A larger yield is obtained by mixing the LlCl with NH.Cl or KCl 
(Oiinti, G. r., 189.'!, 117, 732). The metal is also obtained by ignition of the 
carbonate with Mg, but the metal is at once vaporized and oxidized. 

4. Oxide and Hydroxide. — It forms one oxide, Li,0 , by heating the metal 
in oxygen or dry air; cheaper by the action of heat upon the nitrate. The 
corresponding hydroxide, IdOH, is made by the action of water npon the 
metal or its oxide; cbeaper by heating the carbonate with calcium hydroxide. 

5. SolubilitlCB.— The metal is readily soluble in water with evolution of 
hydrogen, forming the hydroxide; soluble in acida with formation of salts. 
The oxide. Li,0 , dissolves in water, forming the hydroxide. The most of the 
lithium salts are soluble in water. A number of the salts, including the 
chloride and chlorate, are very dellqufHOfnt. The hydroxide, carbonate and 
phosphate are less soluble in water than the corresponding compounds of the 
other alkali tnetala. In this respect lithium shows an approach to the alkaline 
earth metals. LiOH is c^luble in 14.5 parts water at 30° (Dittmar, J. 8oc. Ind.. 
1888. 7, 730); L1,C0, in 75 parts at 30°; Li.PO. in 3539 parts pure water and 
;1920 parts ammoniacal water, more soluble in a solution of NH.Cl than in 
pure water (Mayer, A,. 1856, 08, 193), 

6. Beactioiia. — Lithium suits in general react similar to the corresponding 

Sotaseium and sodium salts. They are as a rule more fusible and more easily 
ecomposed upon fus:on. Soluble phosphates precipitate Uthinm phosphate, 
more soluble in NH,C1 solution than In pure water (distinction from mag- 
nesium). In dilute solutions the phosphate is not precipitsted until the solu- 
tion is bailed. The delicacy of the test li increased by the addition of HaOH. 
forming a double phosphate of Na and LI (Itammelsberg. A. Ch,. 181S. (?). 7, 
157). The phosphate dissolved in HCl ia not nt once precipitated by neutralist- 
ing with ITH.OH (distinction from the alknline earth metals). Nitrophenic 
acid forms a yellow precipitate, not easily Foluble in water. 

7. Ignltloa. — Compounds of lithium impart to the Same a carmine-n~d color, 
otiscured by sodium, but not by small qitnntitips of potassium compounds. 
Blue glass, just thick enough to out off the yellow light of aodium, transmits 
the red light of lithium; but the latter is intercepted by a thicker part of the 
blue prism, or by several plati-s of blue glass, Tiie spectrum of lithhim con- 
sists of a bright red band. Li □. and a faint orange line, LI 3. The color 
tests have an intensity intermediate between those of sodium and potassium. 

8. Detection.— R/y Ibr »prclroxcope.— To the dry chloriilcs of the alkqli metals 
a few drops of HCl are added and the mass extracted with 00 per cent alcohol. 
The solution contains nil the rare alkalis and some Na and K . Evapor;i(e to 
dryness, dis.sotve in a small amount of water and precipitaite with platinum 
ohloride. The double platinum and potassium chloride is more aoluble than 
the corresponding salt of Bh and Cb . Roil repeatedly with small portions of 
water to remove the potassium, nnd frequently examine the residue by the 
npectroscopc as follows: Wrap q small amount of the precipitate in a moistened 
filter paper, then in a platinum wire ond carefully char. After charring is 
complete, ignite before the spectroscope. The K spectrom grows fainter, that 
of Bb and Cs appear. 

Rvoporate to dryness the filtrate from the pi^cipjtate of the platinum double 
salts, add oxalic acid and ignite, moisten with HCl. evaporate ami e\tract with 
atMKilute alcohol and ether. L'poii evaporation of the extract LlCl is obtained, 
almost pure. Teat with the spectroscope and by forming the insoluble phos- 
phate. 
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B. Estimation. — After sf^paration from other elements it may be weighed *tf, 
a iulpbate. carbonate or phosphate, Ll,PO, . It may also be estimated b; the 
comparative intensity, of the lines in the spectroscope (Bell, Am., 1866, ,7, 35). 



Directions for the Analysis of the Metals op the Alkali Ghoup. 
(Sixth Group). - 

§211, If the material ia found not to contain magnesium, the clear 
filtrate from the carbonates of Ba, Sr, and Ca, after testing for traces 
with (BH,)jS04 and (HHJjCjO, (§193), may at once be tested for the pres- 
ence of potaflsinm and sodium. If magnesium be present it should he 
removed in order to test for small amounts of sodium. Potassium and 
large amounts of sodium may he readily detected in the presence of mag- 
nesium. It is evident that the magnesium must not be removed by the 
t^ual reagent used to detect the presence of that element, t. e. NaJSPOf . 
It ia recommended by. many to use ammonium phosphate, (NH,),HPOf . 
This reagent removes the magnesium, and permits the application of the 
■ flame test for the fixed alkalis; but the presence of the phosphate obstructs ' 
the gravimetric determination of the alkalis. The phosphate may be 
removed by lead acetate and the excess of the lead by hydrogen sulphide. - 

§212, As a better method it is directed to evaporate the filtrate con- 
taining the magnesium and the alkalis to drj-ness, ignite gently to remove 
the ammonium salts. Dissolve the residue in water and add Ba(OH), to 
precipitate the magnesium as Mg(OH)i (|§177 and 182), After filtration, 
the excess of barium in the filtrate is removed by H3SO4 , and the filtrate 
from the barium sulphate is ready to be tested for the fixed alkalis by the 
flame test or by gravimetric methods as may be desired. The presence of 
sodium obscures the flame reaction for potassium, but the introdobtion 
of a cobalt glass (§132, 7) or an indigo prism cuts out the sodium flame 
and allows the violet potassium flame to be seen. Study 6, 7, 8, and 9 of 
§§20fi and 206. 

j213. The free nse of ammonium s alts during the process ( 
ma ke s it necessary tnat tne testing tor ammonium be done in the 
Holntion or in the filtrate from the Tin and Copper Group. 

H-Uh cAcuss ol' K.Uli or NaOH to the solution and warm gently. Notice 
the odor (§207, 1). Suspend a piece of moistened red litmus paper in 
the test-tube; in the presence of ammonia it will be changed from red 
to blue color. To detect the presence of small amounts of animoniam 
salts, heat the strongly alkaline mixture nearly to boiling and pass the 
evolved gas into water. Test this solution (ammonium hydroxide) with 
Nes^ler's Reagent (§207, Gfc) or by the precipitation with HgCl, (§207, 61). 
Stmiv §207, 6, 7, 8, and 9. 

§214. The rare metals of the Alkali Group: lithium, rubidium- and 

- - "Jc 
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.'caesium, are rarely met with in the ordinary analyses. If their presence 
ifi suspected they are tested for and detected by the spectroscope (7, §§208, 
20B and 210). 

§216. Lithium, because of the insolubility of its phosphate (§210, 5c), 
'inteirferes with the detection of magnesium. If the filtrate after the 
removal of barium, strontium, and calcium be evaporated to dryness and 
gently ignited to remove all ammonium salts; the residue, dissolved in 
water and treated with an excess of barium hydroxide, will give a precipi- 
tate of the magnesium as the hydroxide, leaving the lithium in solution. 
The barium hydroxide precipitate may be tested for magnesium and from 
the filtrate the excess of barium hydroxide may be removed by sulphuric 

- acid before testing for the alkali metals. 
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PAST III.-THE NON-METAIiS. 



§216. Balancino Equations in Oxidation and Reduction. 

Statement of Bondi in Flu and HinnB Komben,* according to chemical 
polarity, positive and negative (Bee §3 footnote). 

In the terms of this notation the plus bond is the unit of Oxidation 
and the minuH bond is the unit of Reduction. 

A bond, that ia a unit of aclive valence, is either a pins one or a minus 
one. The formula of a molecule of hydrochloric acid is stated, H+'Cl"'. 
That of water, (H+')jO~". (The plus sign is understood when no sign is 
written before the valence number.) 

Plus and minus bonds are represented as positive and negative qnan- 
tities. In the formula of hydrochloric acid, as above, the difference 
between the polarity of the hydrogen atom and that of the chlorine atom 
is stated as a difference of two. 

In any compound the sum of the plus bonds and the minus bonds of the 
atoms forming a molecule is zero. 

Free elements, not having active valence, have zero bonds in this 
notation.! 

The Oxidation of any element is shown by an increase, and its Reduction 
by a decrease, in the sum of its bonds. 

When one substance reduces another the element which is reduced 
loses as many bonds as are gained by the element which is oxidized. 

It is evident that, changes in valence being reciprocal in oxidation and 
reduction, there is no gain or loss in the sum of the bonds of two elements 
which act upon each other. 

The use of this notation is illustrated in the following equations: 
SSnCl, + H,SO. + 6HC1 = aSnCl. + H,S + 3H/> 

In this equation the throe atoms of tin gain six bonds; the bonds of the 
sulphur in the HjSO, have then been diminished by six; that is, it has 
given up six bonds to the tin, and having only four in the first place must 
now have minus two (4 -6 ^ -2). 

«0 C JohDBon, C. y.. 1880, 4«, 61, See also Ostwali), Grtin*-. Ollg. Owm., ate Aufl., ItM, S. «M. 
tif there la polarity In tbe union of like «tomB with eaoh other InfonuiivaD etomaU 
moli'cule, the lum muBt be zero, ■« in the fonnatlon of tbe molnoules of compouiuU. 



5217, f. HALANCiyO OF EQUATIONS. 239 

38Btn, + BIO, + CHCl = 2SnCl. + HI 4- SH.O 
Here also the three atomB of tin gain six bonds, and these are furnished 
by the iodine of the HIO, . It has five in the first place, and being 
diminished by sis, has one negative bond remaining (5 -6 = -J). [In 
other words, unless we deny that iodine has five bonds in HJO^ , we must 
admit that it hr.n one negative bond in HI (written S.1~').} 

SHMnO. + 3AbH, + HH,SO, = GS,AaO, + SMnSO, + 12H,0 
In this equation eight atoms of manganese in the first member have 5C 
bonds, and a lilce amount in the second member has only 16, losing 40, 
and this 40 has been gained by the five atoms of arsenic. They now have 
25, after gaining 40. They must then have bad — 15 in the first place 
{25 — 40 = -15). That is, the atom of arsenic in. araonous hydrida ha« 
-3 bonds (Ar-"'H,). 

SbCI, + HgCl, = Hg + SnCl, 
This equation illustrates the statement that free elements have no 
bonds. The tin gains two bonds, and these two bonds are taken from the 
fflercuTy in the SgCli . 



§217. Knle for Baluicin; Eqnatians. 

The number of oxidation bonds which any element has is determined 
by the following rules : 

a. Hydrogen has always one positive bond. 

b. Oxygen has always two negative bonds. 

c. Free elements have no bonds. 

d. The sum of the bonds of any compound is zero. 

e. In salts the bond of the metal is always positive. 

f. In acids and in suits the acid radical has always negative bonds. 
Thus, the bond of Ireo Pb is zero, but in PbClj the lead has two posi- 
tive bonds, and each atom of chlorine has one negative bond. 

In Bi^S, , each atom of Bi has three positive bonds (e), and each atom of 
S has two negative bonds (f). 

In ammonium nitrite, ira,KOj , or H,= K — — N — , the nitrogen 
of the KH« has four negative bonds and one positive bond. The other 
nitrogen, that of the acid radical HO^ , has three positive bonds. Kach 
atom of hydrogen has one positive bond and each atom of oxygen two 
negative bonds, the sum being zero: +4 — 4 + 1 + 3 — 4 = 0. 

In the following salts, etc., the bond of each element is marked above, 
with its proper sign, plus being understood if no sign is given. Then fol- 
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lowB the equstioD in full, the honds of each atom being nmltiplied bf the 
nnmber of atoms, and all being added, the emn is seen to be aero. 
H|f-(irvo-',),.2 + 10 — la = 

Bl"', (SviO-'4),.6 + 18 _ 24 = 
B«"(ltnvno-*,),.a + 14 — 16 = 

r«"'{irTO-',),.3 + 15 — IB = 

±a"',B-",.6 — 6 = 

If the aboYe is understood, the rule for balancing equationi is easilj 
explained. 

The nombn of bonds chained In one molecule of each shows the number 
of the molecules of the other which most be taken, the words eocA and 
otter referring to the oxidizing and reducing agents. 



§218. A few equations will illustrate the application of the mle. 

(I) 3Aa. + 20HNO. + 8H,0 = IZH.AbO, + SOFO 

The arsenic In one molecule gvine SO bonds, therefore SO moleculee ol 1LI0( 
are taken. Tbe nitrogen loaee three bonds, therefore three molecules of Aa. 
are talcen. 

(S) 6Sb + lOHNO, = 38b,0, + lONO + SH.O 

The antimony gains five bonds, therefore five molecules of HHO, would Im 
taken, and since the nitrof^n loses three bonds, three of antimony would be 
taken, but since we cannot write 8b,0, with an odd number of atoma of 
antimony, we double the ratio and take six and ten. 
{3) 3H,S + SHHO. = 3H,S0. + SHO + 4B,0 

The S in the first member has 3 regrative bonds (a and d); in the aeoond 
member it has 6 positive, gaining 8 bonds; hence 8 mcdecules of HHO, must 
be taken. The nitro^n in the first member has five bonds, and in the second 
it has two. The difference is three, therefore just three molecules of H,8 
must be taken. 

Further, the reaction may l>e explained as follows: 

The sulphur in the first member has two bonds (valence of two), but nega- 
tive because combined with hydrtjgen (two atoms) to form a definite com- 
pound; In the second member it has six bonds (valenc« of six), but po^UTe 
because combined with oxygen (80, or 5q H S ^q)- The valence of Ute 
hydrogen does not change and hence In the reaction one molecule of S,S 
g^ins eight bonds. The nitrogen in the first member has five bonds (valence 
of five), but positive because combined with oxygen (K,0, orH^O — M'~q); 
in the second member it has two bonds, still positive because combined witli 
oxygen. The valence of the hydrogen and oxygen does not change, hence In 
the reaction one molecule of HITO, loses three bonds. Now the number of 
bonds gained by the H,S {8) must equal the bonds lost by the HHO, (3). 
The least common multiple, twenty-four, indicates the least possible total 
change of valence for each compound; this requires that three moieculea of 
E,S and eight of HNO, be taken, giving for the products three moleculea of 
E,SO, and eight of NO with four of water to complete the equation, 
(i) 3Sb,8, + 38HNO, = 3Sb,0, + SH.BO, -|- 28HO + SH,0 

In tJiis case, both the Sb and the S In the molecule gain bonds, and must be 
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consiilered. Tt Is plain (from if and r) that each atom of Sb gains 2 bonds, and 
the two in the molecule will gain 4. 

The 8 in SbiS, bas 2 negati>e bonds, and in the second member (in H,SO,) 
it has 6 positive bonds, a gain of fl. The three atoms in the molecule will gain 
three times eight, or £4 bonds; to this add the 4 which the 8b has gained, and 
we have 28 bonds gained by one molecule ol Sb,S,; hence 2S molecules of HKO. 
mnst be taken. We take 3 of Sb,Si for reasons explained in the first equation. 

Further explain as follows: In this case both the Bb and the S giiin in 
valence (oxidized). Each atom of antimony gains two bonds, a total gain of 
four. Each atom of sulphur g'aius eight, a total gain of twenty-four; or a 
gain for one molcoule of Sb,S, of twenty-eight bonds. As in the previous 
illuBtratJon. the nitrogen loxes three bonds. The least common multiple, 
eighty-four, indicates that for the reaction each compound must undergo n 
change of at lenst eighty-four bonds. This requires for the Sb,S, three mole- 
cules, and for the HNO, twenty-eight molecules. The products are as indicated 
in the equation. 

(5) 2Ag.AsO. + llZn + 11H,S0, =: SAbB, + GAg + llZnSO« -|- SH,0 
The silver loses three bonds, and the arsenic in changing from plus five to 

minus three loses eight bonds; this added to the three that the silver loses 
makes eleven, therefore eleven molecules of Kinc are taken, and since the zinc 
gains two, two molecules of silver arsenate are taken. 

(6) anno -f- 5Pb,0. + ZOWSO, = £HMJiO, + i:Pb{NO,), + WH.O 

The manganese gains five bonds, therefore five molecules of Pb,0, are taken. 
The three atoms of lead in one molecule of Pb,0, have in all eight bonds, but 
a like amount has only six in the second member, being a loss of t'wo, there- 
fore two molecules of UnO are taken. 

(7) 21tnBr, -I- TPbO, + HHNO. = aHMoO. -I- 2Bi, -|- 7Pb{N0,), -|- 6H,0 
The manganese gains five bonds and the bromine gains one, the two atoms 

gaining two, adding this to the Ave that the mangaaese gains makes a total 
gain of seven bonds, therefore seven of PbO, are taken. The lead loses two, 
therefore two of UnBr, are taken. 

(8) MnS + 4KM0. + K^CO, , fusion = K,KnO. + K,BO. + 4NO + K,CO, 
The manganese gains four bonds and the sulphur eight, making twelve; 

therefore twelve of KNOi would bf; taken, and since the nitrogen loses three 
bonds, three of KnS would be taken, but since three is to twelve as one is to 
four, the latter amounts are taken. 

(9) 2Cr(0H), + 3Mn(N0.), -|- SK.CO, , fusion = 3K,CrO, -|- 

3KiMnO. -I- 6HO + 5C0, -|- 3H,0 
l%is is a peculiar and instructive equation. The nitrogen loses six bonds, but 
since the manganese in the same molecule gains four, the total loss is only twc. 
therefore two of Cr(OH), are taken. The chromium gains three, therefore 
three of Mn(NO,), are taken. 

(10) 3Ag + 4HN0, = 3AgNO, -^ NO + 3H,0 

The rule here calls for three of silver and one of nitric add, but three more 
of unreduced nitric acid are needed to combine with the silver, making four 
in all. 

(fl) SPel, + 6H,S0. . cone, hot = Pe,{SO.), + 3S0, + 21, -t- 6H,0 
The rule here calls for two of Pel, and three of H,SO, , but three more of 
E,SO, that are not reduced are neiiled to combine with the iron, making six 
in all. 

tfZ) 3HirO, + SAl + SEOH = 3NH. -|- BKAIO, -I- H,0 
The nitrogen has five bonds in HNO, . and in NH, 
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(IS) 3BiOHO, 4- llAl + llEOH = 3B1 + 3NH, + llEAlO, + H,0 
The btsmutb loees tbree bonds and the nitrogen loeeB eig'lit. therefore eleren 
of aluminum are taken: the aluminum gains three, therefore three of the 
BiONO, are taken. 

(Ji) HuO, + 4HC1 = HsCI, + CI, + 3H,0 
The manganese loses two bonde and the chlorine gaina one, but two more of 
unoxidized HCl are needed to combine with the manganese, hence four are 
taken. 

(15) 2CrI, + 64KOH + 27C1, = aK^CrO. + 6KI0, + 54KC1 + 3SH,0 
The chromium gains three bonds and the iodine (in the molecule) gains 
twenty-four, therefore twcntf-aeven of 01, are taken and the CI, loses two, 
therefore two of CrI, are taken. 

This rule holds good In organic chemistry when all the producta of the 
reactions are known, as the following examples will lUuatrate: 
CH. C-*H'.. —4 + 4 = 

CHtCl C-'+'H'.CI-'. —8+1+8-1=0 

aH.01. C-'+'H'.Cl-',. —2+2+2—2 = 

CHCl. C-* + 'H'Cl-',. -1 + 8+1-8 = 

CCa* CCl-'.. 4-4=0 

HC.H,0, H(C,)+'-'H',0-%. 1+8-8 + 8 — 4 = 

C.H,0 (0.)'-*H'.O-'. 1 — 5 + 6 — 2 = 

C,H,0. (0.)-'+'H',O-'.. -5 + 8 + 8-6 = 

CH.tO. {0,)-'+'H'„O-V —7+7 + 12—12 = 

(f ) CH, + 401, = C01-, + 4HC1 
The carbon is oxidized by the chlorine from negative four to positive fonr, 
a polarity cban^^e of eight units, hence take eight molecules of chlorine; each 
molecule of chlorine loses two bonds, take two molecules of methane. Two Is 
to eight as one is to four. 

(2) 3C,H,0 + 2Z,Cr,0, + SH.SO, = 3HC3.0, + 2K,S0, + 

2Cr,(SO,). + llHtO 
The carbon of the alcohol while possessing a valence of eight, has an oxida- 
tion valence of but four (minus four bonds); in the acetic acid the two atoms 
of carbon have zero bonds, that is, the combinations with ne);ative affinity 
exactly equal the combinations with positive silinity; therefore take four 
molecules of the potassium dichromate. The two atoms of the chromium lose 
six bonds, take six molecules of the alcohol. Six is to four as three to two. 
Eight molecules of sulphuric acid are necessary to combine with the potasaiunt 
and the c' ■■ — 



(S) 3G,H,0, + 14HN0. = aCO, + 14H0 + 19H,0 
The three atoms of the carbim In the glycerine have minus two bonds (the 
negative affinity Is two more than the positive affinity), and in the CO, a like 
amount baa twelve bonds, a gain of fourteen. The nitrogen loses three bonds. 
ii) 0,H„0, + 12H,S0, = 6C0, + 12B0, + 18H.0 
The carbon in the dextrose has zero bonds (equal positive and negative 
affinity combinations) and gains twenty-four bonds, while the sulphur loees 
two bonds. The lower ratio is one to twelve. 

For convenience of reference the non-metallic elements will be de- 
scribed in the order of their atomic weights; and the aeidB in the order 
of the degree of oxidation of the characteristic element, e. g., "S before S , 
HCl before HCIO , HCIO, before HCIO, , etc. 
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§219. Hydroffoi. H = 1.008 . Valence one. 

1. Fri^ertiaa.— An odorleBB, tasteleae gas. It is the lightest bod; kDown; 
One litre at 0°, 760 mm. atmospheric pressure, weighs O.ouasssso gram (one 
crith); specific uravltu, 0.06949 (Crafts, C. r., IHdB, 106, 1662). It is used for 
miing baUoons: also ill umina ting gas. containing about 50 per cent of hydrogea, 
is frequently used because it is much cheaper. It la a non-poisonoua gas, but 
cauaes death by excluBion of air. It has been liquified to a colorless trana- 
parent liquid by cooling to — 220° under great pressure and then allowing to 
expand rapidlr (01szewsi;i, C. r., 18S4, 99, 133; IBSi, 101, 2:;s; Wroblewski. C. r., 
1885, 100, 979). Critical temperature, —334.5°; crilical pressure, BO atmosphcreH; 
boiling point, —243.6° (Olszewski. Phil. Mug., 1B95, (5), 40, 303). It diffuses 
through walls of paper, porcelain, heated platinum. Iron, and other metals 
more than any other gas (Cailletet, C. r., ISM, 68, 327 and 1037; 1865, 60, 344; 
1868, 66, 847). It is absorbed by charcoal and by many metals, especially 
palladium; which, heated to 100° in an atmosphere of hydrogen and then 
cooled In that atmosphere, absorbs at ordinary temperatures 983.14 TOlumes of 
hydrogen (Graham. J. C, 1869, S2, 419). This occluded hydrogen acts as a 
strong reducing agent, reducing PeCl, to F«C1, , HgCl, to Hg° , etc. It is a 
better conductor of sound than sir (Bender. B., 1873, 6, 665). It conducts heat 
seven times better than air or 480 times poorer than iron (Stefan, C. C. 18T5, 
S29). It refracts light more powerfully than any other gas and about six 
times more than air. It bums with a non-luminous flame and with generation 
of much heat (more than an equal weight of any other substance or mixture 
of substances). Hydrogen forms two oxides: water, H,0 . and hydrogen 
peroxide, H,0, (S244). - 

2. Occarreiicfl. — In volcanic gases (Bunsen, Pogg., 1851, 83, 197). In pockets 
of certain Stasafurt salt crystals (Precht, B., 1886, 19, 2326). As a product of 
the decay of organic material, both animal and vegetable. In combination as 
ivater and in innumerable minerals (H,0 and OH) and in organic compounda. 

3. Formation. — (a) By the reaction of alkali metals with water, {li) By 
the action of superheated steam upon heated metals or glowing coals 
(§226, 4a). (c) By dissolving aluminum or certain other metals in the 
jised alkalis, (d) By the action of many metals with dilute acids (seldom 
HNO,). By heating potassium formate or oxalate with KOH : E^CjOi + 
2K0H = 2K,C0i + H, (Pictet, A. Ch., 1878, (5), 13, 216). 

4. Prepantion. — (a) By the action of dilute sulphuric acid (one to 
ei^t) on commercial or platinized zinc • (§139, 5a). The solution must 
be kept cold or traces of SO, and H,S will he evolved. (&) By the elec- 
trolysia of acidulated water. 

5. BoluUUtlM. — Water at ordinary temperature dissolves nearly two per 
cent (volume) of hydrogen. Charcoal dJssolveB or absorbs fully ten times its 
volume of the gas (1). 

6. Beactions.^Hydrogen gas Is a very indifferent body at ordinary tem- 
perature, combining with no other element except Bs it is occluded or ab- 
sorbed by palladium, platinum. Iron, nickel, etc.; and in the sunlight combines 
^vith chlorine and bromine. "Nascent hydrogen" (hydrogen at the moment 
ot its generation), however, is a powerful reducing agent, and under proper 

■ For the rapid generation of tijArogea the ilno should be grnmulBted by pouring the molten 
metal into cold water. ChemJoaUy pure linolsvery slowly attaofeed by dilute sulphuric sold; 
but the fommarcisl rino froquenUy contains Bufflolent impurities to Insure a rapid g«netation 
of hydrogen when treated with the dilute acid. By tho addltloD to the grannlsted zino. In a tub 
of WBtor, of a few oubIooentiiiiet«rBof a dilute solution of platinum chloride; tbezlno Is made 
ceadlly aolnble In dilute ■olphuila add and a unltonn and rapid genaiatloD of hydrogen can.Ue , 
obtalnsd. , „ _ . ^^I^ 
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conditions combines wltb 0,8, 8e, Te, 01, Br, I, N^F, Aa, Sb and St 
vritb comparative readiness. The reduction of aalta by uasceat hydrogen in 
acid or alkaline solution will not be discussed here. See under the reapectiic 
elements. It should be noted, however, that " nascent hydrogen " generated 
by different methods does not possesB the same reducing properties. Sodium 
amalgam with acids does not give hydrogen capable of reducing silver halidee; 
the reduction is rapid when zinc and acids are used. Neither elect roiytir 
bydrogen nor that from sodium amalf^am and acids reduces chlorates: while 
zinc and acids reduce rapidly to chlorides. Hydrogen generated by KOE and 
Jkl does not reduce AsV; that formed by zinc and acids gives AsH, . Eti^ 
with sodium amalgam and acids gives Sb°; with zinc and acids. SbH, (Cha- 
brier, C. r., 1872, 75, 484: Tommasi, Bl., 1882, (3), 38, H8). 

Hydrogen occluded in melals as Pd , Pt , etc., is even more active than 
"nascent hydrogen"; often causing combination with exploKive violence 
(Berthelot, A. Ch., 18S3, (5), 30. 719: Berliner, IF. A., 1888, 35, 781). Hydrogep 
absorbed by palladium precipitates A^f, Au , Pt , Fd, Cu nnd Hg fro'm their 
solutions; permanganates acidilied are reduced to Mn"; Fe"' to Pe"; Cr^' lo 
Cr"'; KCIO. to KCIO; CH.CO,H to CH.CHO and C,Z,OH; and C.H.HO, to 
0,H,NH, . The reactions are quantitative. Suits of Fb , Bi , Cd, As, Sb, W. 
Ho , Zn , Oo , Ni , Al . Ce , U , Bb , Cs , K , Na , Ba , Sr and Ca are not redured 
(Schwa rzen bach and Kritschewsky, Z., 1886, 25, 374). In the presence of 
platinum black hydrogen reduces very much aa described above; also K,Fe(CItU 
becomes K,ra(CN),; dihite HITO, becomes NH.NO, , concentrated HNO, In- 
comes HNOi; CI, Br and I combine with the hydrogen in the dark: KCIO, 
and KCIO are reduced to chlorides, EClO, Is not reduced; H.SO, , concen- 
trated, is reduced to H.SO, (Cooke. C. Ji.. :S88, 58, l(ft). 

Free hydrogen rcrj/ slowly acts upon a neutral solution of silver nltralf, 
precipitating traces of silyer; and in concentrated solution with formation of 
AffNO,: hindered by HNO, or XlfO, . SokitionE of An , Ft and Ca are nl»> 
acted upon (Russell, J. C, 1874, 27, ?.: Leeds, S., 1876, 9, H5B; Beichardt, .4rr*. 
Pharm., 1883, 221, 585; I'olcck and Tiuemmel, B., 1883, 18, 24S5; Scnderens, BU 
1897, (a), 15, <Ht]). KMnO, in acid, neutral, or alkaline solution slowly 
oxidizes hj'drogen. It is not at all oxidized by nitrohvdrochloric acid, iii 
diffused daylight, CrO, , at ordinary temperature, F«01, , K,r«(CN), , HBO. , 
«p. gr. 1.42, or H,SO, , »p. gr. 1.84 (Wanklyn and Cooper, PflW. Mag., 18£M). (5). 
80, 431). In some cases, when hydrogen under ordinary conditions la withoai 
action, if subjected to great pressure a reducing action takes place; (■9- 
hydrogen at 100 atmospheres pressure precipitates Hg" from HgOl, (Loeweo- 
thal, J. pr., 1860, 79, 480). 

7. Ignition. — Chlorine and bromine combine with hydrogen directlj in 
the sunlight, but heat is required to effect its combination with iodine, 
fluorine, and oxygen. 

All osidt's, hydroxides, nitrates, carbonateB, oxalates, and organic salts 
of the following elements are reduced to the metallic or elemental state by 
ignition in hydrogen gas : Pb , A; , H; . Sn , Sb , Ai , Bi , Cn , Cd , Pd . 
]fo,Bii,Os, Rli,Ir,Te,8e, W,Fe,Cr,Co,Ni,Zn,Tl,Fb,In,T. 

Compounds of aluminum, manganese, and of the fifth and sixth group 
metals have not been redurcd by hydrogen. 

8. Detection. — (a) Ifethod of formation if known. (6) Its explosiTe 
union with oxygen when the mixture with air is ignited, (c) Absorption 
by palladium sponge, (d) Explosive union with chlorine in the sunlighi 
to form HCl . (e) Separated from most other gases hy its non-abBorptinti 
by the chemical reagents used in gaa analysis. 

. XflUmatloii.— By volume mensiirement, almost never by weight, escerl 
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§220. Boron. B = 11.0 . Valence three. 

Boron does not occur free In nature. It is found chiefly as borax, 'Sa,'BJS, , 
and as boric acid, H,BO, , in volcanic distrlctx. 'Two varieties of the element 
have been prepared, amorpbous and i-ryBtalline. The former is changed to th» 
latter bj beating to a white heat iu presence of Al and C (Woehler and Claire- 
Deville, A., IseT, 141, 25H). Elemental boron is prepared (a) by electrolysis;. 
(6) by fusing B,0, with Al, Na or Up: (f) by if^iting BCl, with hydrogen; 
(i) by fusing Ijoras with red phosphorus. SpeHJle yrarily of the crystalline,. 
2.53 to 2.C8 (Hampe, .4., IHTfi, 183, i:<)\ of the amorphous. 2.45. Amorphous- 
boron is a greenish -brown, opaque powder, odorless!, tasteless, insolubla in. 
water, aieohol or ether. It is a non-pondutlor of electricity. Heated in nif or 
oxygen it burns with incandescence. In air it forms BjO, and BN . It is 
oxidized by molten EOH or PbCrO, . with incandescence. It is dissolved by 
concentrated HNO, or H^SO, , forming boric acid. At a red heat it decom- 
poses steam. When heated it combines directly with S , CI . Br , N and many 
metals. It forma BCl. with chlorine, not BCl,. Fused with P,0, it forms- 
B,0, and F: vrith EOH. E,BO, and H; with X,COi , K.BO, and C, Boron 
forms but one oxide, B,0, , boric anhydride. Three hydroxides are known: 
2H,BO, := B,0,.3H,0 , or'thoboric add: 2HB0, =: B,0,.H,0 , metaboric acid; and 
E,B,0, = 2B,0,.H,0 , pyroboric acid. 



§221. Borio Kcid. H,BO. = 62.034 . 

— — H 
H'^'"0-%,H — — B_Q_2 

1, PropwidM. — Boron trioxide, B,0, , boric anhydride, is a brittle vitreous 
mass; gp, pr. at 12°, 1.B476 (Ditte, A. Cft., 1S78, (5), 13. 67). Melttaff point, 577' 
(Camelley, J. C, 1878, 33, 278), It is volatile at a very high heat (Ebelemen, 
A. Ch., 1848, (3). 22, 311). It has a slightly bitter taste, is hygroscopic, and 
shows a marked rise in temperature on solution in water (Ditte, C. >:, lb77, 
88, 1069). In some respects boron trioxide deports itself as a weak base. . It 
forma a sulphide, B,S, , decomposed by water (VVoehler and Deville, A, CA,,. 
1858, (3). &2, 90): a sulphate, B(HSO,)( (D'Arcey, J. C, 1889, S5, 155); and a 
phosphate, BPO, (Meyer, B., 1889, 22, 2919). It combines with water in three 
proportions, forming the ortho, meta and pyroboric acids, Orthoboric acid ia 
a weak acid, its solutions reddening litmus; at 1S° it has a spfvifte gmvitg of 
1.5172 (Ditte, l.r.): meUs at 184° to 186° (Carnelley. i.e.). Soluble in 25 parts 
water at 20°. and in 3.4 parts at 102° (Ditte, I.e.). It is imiatHf in steam and. 
in alcohol vapor. The evaporntion of the water of combination of the acid" 
carries with it from ten to fifteen per cent of the acid. 

2. . Occarrence. — Widely distributed, but usually in very small quantities. In 
the rock salt deposits at Stassfurt, Uermany, as boracite, lSg,B,,0,,Cl, (62.5 
per cent B,0,). In the volcanic regions of Tuscany and the LIparic Islands an 
st«ain saturated with boric acid, 

3. PormRtlon.^Tlie anhydride is formed by burning the metal in air 
or oxygen, or by heating the acids, Orthoboric acid, H3BO, , is formed 
by disBolving the oxide in water; the meta acid, HBO, ,H — — B^O,. 
by heating the ortbo acid a little above 100" (Bloxam, /, C, 1860, 12, 
J 77); the pyroboric acid, tetraboric acid, H^BfO, , by heating the orth(v 
nr meta acid for some time at 160° in a current of dry air (Merz, /. /»r., 
1866,99, 17S). 

4. Preparation. — (a) By evaporation of the water from the lagoon.^ of 
ToBcany, which are saturated with boric acid, and recr>'staUizatio&,| , 
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from water, (b) In Nevada the boronatrocalcite, Ca^,0„.Ha^tO, -\- 
ISHjO (45.6 per cent B,Oj), is evaporated in lead pans with HjSO^ to a 

etilT paste; and then treated with superheated steam in iron cylinders 
heated to redness. The acid passes over with the steam and is collected 
in lead lined chambers (Gutzkow, Z., 1874, 13, 457). (c) Commercial 
borax, NftiB^O^.lOHgO, is dissolved in hot water, twelve parts, and acidi- 
fied with hydrochloric acid. Upon cooling, the boric acid, &|BOj , is ob- 
tained in small scales, which are purified by recrystallization from hot 
water. 

5. Solnbilities. — More soluble in*hydrochloric acid solution or in alcohol 
than in water (1). The alcoholic solution burns with a beautiful greeo 
flame. Quite soluble in glycerine and in most alcohols and hydrocarbons, 
only sparingly in ether. The borates are insoluble in alcohol; those of 
the alkalis are soluble in water to an alkaline solution. Borates of the 
other metals are insoluble in water (no borate is entirely insoluble in 
water) ; but are usually rendered soluble by the addition of boric acid. 

6. Beaotioni. — Silver nitrate forms, Ln solutions of acid borates, a white 
precipitate of silver hoiale, AgBO, , but normal borates form in part silver 
oxide, brown. Lead acetate gives & white precipitate of lead boratt, 
Fb(BOi)s ; calctmn chloride, in solutions not very dilute, a white precipi- 
tate of calcium borate; and barinm chloride, in solutions not dilute, a white 
precipitate of barium borate, Ba(BOj), . With alominnm salts, the precipi- 
tate is aluminum hydroxide. 

Borates are transposed with formation of boric acid, by all ordinary 
acids— in some conditions even by carbonic acid. 

The liberated boric acid is dissolved by alcohol, and if the alcohol soln- 
iion be set on fire, it bums with a green flame. 

A solution of a borate, acidulated with hydrochloric acid to a barely 
perceptible acid reaction, imparts to a slip of tnrmeric paper half wet with 
it, a dark-red color, which on drying intensifies to a characteristic nd coJur. 

7. Ignition. — Boric acid is displaced from its salts by nearly aU acids 
including COj ; but being non-volatile except at a very high heat, it dis- 
places most other acids upon ignition. 

By heating a mixture of borax, acid sulphate of potassium, and a fluo- 
ride, fused to a bead on the loop of platinum wire, in the clear Same of 
the Bunsen gas-lamp, an evanescent yellowish-green color is imparted to 
the flame. 

Borates fused in the inner blow-pipe flame with potassium acid sulphate 
give the green color to the outer flame. 

If a crystal of boric acid, or a solid residue of borate previously treated 
with sulphuric acid, on a porcelain surface, is played upon by the flame of 
Bonsen's Burner, the green flame of boron is obtained. 



gm, 1. CARBON. 247 

If a powdered borate (previously calcined), \a moistened with sulphuric 
add and heated on platinum wire to expel the acid, then moistened with 
glfoerine and burned, the green flame appears with great distinctness. 
The glycerine is only ignited, then allowed to burn by itself. Barium 
does not interfere (being held as sulphate, non-volatile) ; copper should be 
previously removed in the wet way. The glycerine ilame gives the spec- 
trum. But in all flame teste, boric acid must be liberated. 

Borates (fused on platinum wire with sodium carbonate) give a char- 
acteristic spectrum of four lines, equidistant from each other, and extend- 
ing from Ba r IB the green to Sr * in*the blue. 

Borax, NajB^O^ , when ignited (as on a loop of platinum wire to form 
tbe borax bead) with many metallic compounds, forms a colored glass, 
used in the detection of certain metals (§132, 7). The fused borax forms 
a solid brittle mass, borax gl&ss, used in assaying and in soldering because 
of its power of combination with metallic oxides. 

8. Detection. — By conversion into the acid, if present as a salt; solution 
in alcohol or glycerine and burning with the formation of the green flame 
(very delicate, but copper salts should be removed by H^S and barium salts 
should be removed or converted into the sulphate). Also by the red color 
imparted to a strip of turmeric paper. 

9. Estimatloii. — Boron compounds cannot be completely precipitated from 
BOlution by any known reagfents, hence most of the methods of quantitative 
determination are indirect. By adding a known quantity of lfa,CO, , fusing 
and weighing-; then after determining the CO, eubtracting its weight and 
that of the Na,0 present (calculated from Na,CO, first added). The differ- 
ence is the weight of B,0, present. See also Will {Areh. Fharnt., 18HT, 325, 1101). 
Id the presence of glycerine, boric acid may be accurately titrated with sodium 
hydroxide, using phenol phthalein as an indicator; B,0, + 3NaOH = 2NaBO, + 
E,0. Sodium carbonate must be absent or we get; 2B,0, -f- Na,CO, = 
Ha,B,0, + OO, (Honjg and Spitz, Z. angeo)., 1B96, 549; Joergensen, Z. anoeio., 

\m. 5). 



§222. Carbon. C = 12.0 . Usual valence four. 

1. Prop«rtI«.— Carbon exiate in three allotropic forme: two crystalline, 
diamond and graphite, and amorphous as charcoal, coke, etc. Specific ffradty, 
diamond at 4°, 3.51835 (Baumhauer, J.. 1873, 237) ; graphite, Ceylon, 2.25 to 2.26 
(Brodie, A., 18S0, 114t 6); wood charcoal, 1.57; gas coke, 1.S8. Very small 
ipecimens only, of diamonds have been artKicially prepared, by saturating iron 
with carbon at 3000°. At this temperature graphite is formed and upon cool- 
ing under pressure the crystalline diamond form is obtained. This cooling 
under pressure is obtained by pouring the carbon Balurnted iron into a soft 
iron bomb, which ia cooled by water (Moisson, C. r.. 1803, 116. 218). Diamond 
'« the hardest substance known. It ia very strongly refractive towards light 
(Becquerel, A. Ch.. 1877, (ft). 12, 5). Fluorescence and phosphoreBcence of 
diamonds, aee K«na (C. C, 1S91, il. 562). Ignition in an atmosphere of hydro- 
gen does not effect a change; in air or oxygen it burns to CO, , 

Graphite is a hard, gray, metal-like, opaque solid, a good conductor of 
electricity and a fairly good conductor of heat. It buma with difficulty. It 



le used in lead pencils, in black lead (plumbago) crucibleB, as a lubricant for 
heavy machinery, in battery plates, for the are li^ht carbon pencils, etc. 

Amorphous carbon is binck, ligrtiter than diamond or graphite. It is in use 
BH coal, coke, charcoal, animal charcoal, etc.; ali impure forms. lAmp-blaclt 
is also amorphous carbon made from burning resin, fat, wax, coal gas, etc, 
with limited supply of air. It is used as a pigment in paints, in stove-black- 
ing, shoe-blacking, printers' ink, etc. Charcoal, preferably animal charcoal, is 
used for decoloring organic solutions. Charcoal absorbs many gases, hence is 
vnluable as a disinfectant. 

Carbon forms two oxides: carbon monoxide, CO , and carbon dioxide, CO, . 

S. Occurrence.^ Diamonds seem first tu have been found in India, especially 
in the Uotconda pits, where, as early as 1022, 30,000 laborers are said to have 
iK'i-n employed (Walker. J., iaS4, 774). Also found in other parts of Asia, in 
South Africa, in Brazil, etc. (Winklehner. C. C, 1888, 192; Damour, J.. 1S8.1, 774: 
Gorccix, J., 1881, 345; Sniit, J.. IB-iO, 1400). Graphite is found in Ceylon (Wnl- 
ther, C. C, 1890. 1!. 20); in California (r. H., 18(i8, IT, 209); in Canada (Dawson, 
Am. S., 1870, (2). 60. 130): in Kew Zealand (Mac Ivor, 0. A'., 18S7, 65, 123); 
in ItuBuia, Germany, Greenland, etc. I'ure amorphous carbon occurs in nature 
as a chief product in the decomposition of organic material, air being excluded. 
Anthracite coal is relatively pure amorphous carbon. 

3. Formation. — Graphite rcmainB ae a residue when pig iroa la dis- 
solved in acids. It forms by reducing CO with FCjO^ at 400°. Amor- 
phous carbon is fomied by passing CCl, over Na in a tube heated to red- 
ness {Porcher, C. A'., 1881, 44, 203). 

4. Preparation. — Pure graphite is prepared by heating the commercial 
graphite on a water bath with KCIOj and HjSO, and repeatedly washing. 
If it contains SiO, it should also be treated with KaP and H^SO^ . Amor- 
phous carbon is prepared by heating wood, coal, or almost any organic- 
matter to a very high temperature in absence of air, but when so prepared 
it is never pure. Amorphous carbon is prepared approximately pure by 
heating pure cane sugar in a closed platinum crucible; then boiling in 
succession with HCl , KOH , and HjO ; then igniting to redness in an 
atmosphere of chlorine, cooling in the same atmosphere. 

5. Solnbililies. — Insoluble in water or acids. Soluble in many molten 
metals with partial combination to form carbides. When the metal is 
dissolved in acids the combined carbon passes off as hydrocarbons, the 
excess remaining as graphite. 

6. Beactiona. — Not attacked by acids or alkalis. It slowly oxidizes to 
COj when heated with concentrated H^SO^ and E.Cr,0, . Upon gently 
wanning graphite with EClO;, and HKO,, graphitic acid, CH^O,, is 
said to be formed (Stingl, B., 1873, 6, 3S1). The important reactions of 
carbon require the aid of high heat and are described in the neit 
paragraph. 

7. Ignition. — Unchanged by ignition in absence of air. When strongly 
ignited in air or oxygen it slowly bums to CO, . If the carbon and oxjgen 
have been previously very thoroughly dried the action is very slow, 
especially with graphite. By fusion with EITO, or EClOj carbon is oxid- 
ized to COg . With vapors of sulphur, carbon disulphide is formed; i. e.. 
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by passiDg sulphur vapors over hot coals in a furnace. In an atmosphere 
of hydrogen with the electric spark, acetylene, CjHj , is formed. By 
igniting in an atmosphere of carbon dioxide, COj , the whole of the carbon 
becomes carbon monoside : C + CO, = SCO . 

By simple ignition with carbon, all oxides of the elements in the follow- 
ing list are reduced to the elemental state (a) ; aad if sodium carbonate is 
«dded, all of the salts of the same arc lH^ewisc reduced (6). Cn , Hi , Cd , 
Pb, Ag, ^, As, Sb, Sn, Fd, Ho, Ba, Oa, Bb, Ir, Te, 8e, W, X, 
lia , Bb , Cr , Fe , Ha , Co , ITi , Zn , Ti , Tl . 

(o) Pb,o. + 2C = 3Pb + 2C0, 

(6) aPbCl, + 2118,00, + C = 3Pb + 4NaCl + 3CO, 

(c) CuO + C (excess) — Cu + 00 

(d) + SCuO (excess) =: 2Cu + CO, 

With excess of carbon CO is formed (c). With excess of the oxide CO, is 
formed (d). In the reduction of iron ore, the process is conducted so aa 
to give some CO and some CO, . To obtain some metals in the free state 
(such as K and Sa), special methods are adopted to exclude the air, and 
to produce the high temperature needed. 

AH compounds of sulphur when ignited with carbon are reduced to a 
aniphide : BaSO. + 20 = BaS + 200, . 

8. Detection. — By its appearance; failure to react with general reagents; 
and by its combustion to CO, with oxygen (air), or with K,Cr,0, and con- 
centrated H,80, (Fritsche, A., 1896, 294, 79), then by identification with 
Ca(OH), (§228, 6). 



§223. Acetic acid. HC^HjO, — 60.033 . 
E 
I II 
H'»(C,)+"'-"'0-% , H — — C — — H = CHaCO^. 



1. Fropertl«B. — Pure acetic acid is a colorleca, crystalline, hygroscopic aolfd, 
melting nt 16.5° and boilingr at 118°. Its apeelfic sravity at 0° is 1.080. It has 
» ebarp. sour taste, an irritatingf burningf effect on the skin, nnd a very pene- 
tratin)f odor. It burns when heated nearly to the boiling point. Vinegar 
contains four to five per cent of aeetie acid. The V. S. P. reagent i^ntnina 36 
per cent of 'acetic acid, and has a specific gravity of 1.0481 at l-'i°. It vaporizes 
from its concentrated solutions at ordinary temperatnres, having the char- 
acteristic odor of vinegar. It is a monobasic acid, the three remaining 
hydrogen atoma (linked to carbon) cannot be replaced by metala. 

2. Ocourrenea.— It occurs In nature in combination with alcohols in the 
essential oils of many plants. . , 



S60 ACETIC ACID. §223,3. 

3. Formation.— (a) During the decay of many organic compounds. {b\ 
By gently heating sodium methylate, HaOCH, , in a current of carbon 
monoxide; NaOCH, + CO = CHjCO^na (NaCjH,Oj). (r) By boiling 
methyl cyanide with acids or alkalis: CH,CN + HCl + gHjO — HC.H,0. 
+ NH,C1. (d) By the oxidation of alcohol; 3CjH„0 + 2KjCr,6, + 
SHjSO, = 2K,80, + 2Crj(S0.)3 + dKCMfi, + llH^O . 

4. Preparation.— (a) By the dry distillation of wood. (6) By the fer- 
mentation of cider, beer, wine, molasses, etc. (c) Pure acetic acid i* 
prepared by distilling anhydrous sodium acetate with concentrated sul- 
phuric acid. The distillate solidifies upon cooling and is termed j-l.Ai} 
acetic acid. 

6. Solnbilitiei. — Miseible in all proportions in water and alcohol. The 
salts of acetic acid, acetates, are all soluble in water, silver and raercuroin 
acetates aparingly soluble. Certain baste acetates, as Fe'", Al , etc., are 
insoluble in water. Very many of the acetates arc soluble in alcohol. 

6, Beactiont. — The stronger mineral acids transpose the acetates. 
forming acetic acid. Anhydrous acetates with concentrated sulphuric 
acid give pure acetic acid (4), but if the sulphuric acid be in excess and 
heat be applied the mixture blackens with separation of carbon; and, at 
higher temperatures, COj and SOj are evolved. 

Solution of ferric chloride forms, with solutions of acetates, a red sok- 
tion containing ferric acetate, ¥t(C2'S,0^)^ , which on boiling precipitate* 
brownish-red, basic ferric acetate. The red solution is not decolored by 
Eolution of mercuric chloride (distinction from thiocyanatc); but is de- 
colored by strong acid illation with sulphuric acid or hydrochloric acid (dis- 
tinction from thiocyanatc and from meconate). The ferric acetate is pn~- 
cipitated by alkali hydroxides. 

If acetic acid or an acetate be warmed with anlphnnc acid and a litik 
alcohol, the charafteristic pungent and fragrant odor of ethyl acetate or 
acetic ether is obtained : 

HC,H,0, + C,H,OH = H,0 + C^.C^.O, 

Acetic acid does not act as a Bedncing A^nt as readily as do most of 
the organic carbon compounds. It does not reduce permanganate even in 
boiling solution; reduces auric chloride only in alkaline solution, and (iocs 
not reduce alkaline copper solution. It takes chlorine info combination— 
slowly in ordinary light, quickly in sunlight, forming chloracetic acids. 

7. Ignition.^ — By ignition alone, acetates blacken, with evolution of 
Vapor of acetone, C^H^O , inflammable and of an agreeable odor. By pn>- 
longed ignition of alkali acetates in the air, carbonates are obtained frfo 
from charcoal. By ignition with alkali hydroxides in dry mistnres, 
methane, marsh-gas, CH^ , is evolved. By ignition with alkalia and 
inenoni anhydride, the poisonous and offensive vapor of cacodyt oxide 
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is obtained. This test should be made under a hood with great caution 
and with entail quantities. It is a very delicate test for acetates: 
4XC^,0, + Ab,0, = A«i{CH,)40 + 2K,C0, + 2C0, . 

8. Detection. — (a) By its odor, {h) By the formation of the fragrant 
ethyl acetate upon warming with sulphuric acid and alcohol, (c) By the 
formation of the red solution with ferric chloride (§186, Cb and §152). 
(d) By ignition of the dry acetate alone to acetone, CH,COCH!., ; with 
HbOH to methane, CH, ; or with As^Oj to cacodyl oxide, (f) As a delicate 
test for formates or acetates it is directed to warm a solution of CqCI^ in 
KbCI and add a small amount of the material under examination. Form- 
ates give a blackish-gray deposit; acetates give bright green precipitate 
not changed by boiling. Both precipitates are soluble in acetic acid 
(Field, J. C," 1873, 26, 575). 

0. Estimation. — Other volatile acids are separated by precipitation; EUtphuric 
acid is then added and the acetic acid is diatilled into water and estimated 
by titration with standard alkali. 



§224. Citric acid. H,C,H,0, = 192.064 . 

H,C — CO,H 

I 

H',(C,)+'»-*H'„0-", , H — — C — CO^ 

I 

H,C — COjH 

Found in smalt quantities in the juices of many fruits. The chief commercial 
source is lemon-juice. It is a colorless, cryHtallizable, non-volatile solid; freely 
soluble in water and in alcohol. 

The citrates of the metnls of the alkalis are freely soluble in water; those 
of iron and copper are moderately soluble: those of the alkaline earth metal? 
insoluble. There are many soluble double citrates formed by action of alkali 
citrates upon precipitated citrates, or of alkali hydroxides upon metallic salts 
in presence of citric acid. In disUnctlon from tartrates, the solubility of the 
potDBsiam salts, non-precipitntlun of calcium salt in cold solirtion: and weaker 
reducing action, are to be noted. 

Solution of calcium hjrdroxide in excess (as bv dropping the soliilion tested 
into the reagent) gives no precipitate with citric acid or citrates in the cold 
(distinction from tartaric ucid). but on heating, the while (vifcJum W(ra(f. 
Cai(C,H,0,), , is precipitated (not soluble in cold potassium hydroxide solu- 
tion). By filtering before boiling, the tartrate unil citrate may be approxi- 
mately separated. Calcium chloride also gives the same precipitate after boil- 
ing'. Calcium citrate is soluble in acetic acid (distinction from oxalates). 

Solution of lead acetate precipitates white lend cffrn/c, rbi{C,HjO,)i , soluble 
in ammonia. Sliver nitrate gives a white precipitate of xifrrr citrolf, 
Ag'iC.HjO, , which does not blacken on boiling (distinction from tartrate). 
For action of citric acid or citrates in hindering many of the usual analytical 
reactions, see Spiller. J. C. 1858, 10, 110. 

One part of citric acid dissolved in two parts of water, and treated with a 
solution of one part of potassium acetate in two parts of water, should remain 
clear after addition of an equal volume of strong alcohol (absence of oxalic 
acid and of tartaric acid and its isomers). 

--■)!{lc 
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Citric acid does not act very readily ae a radndng &gen.t: does not reduce 
alkaline copper Eolution, or silver solution: reduces permangranate very slonlj. 
Concentrated nitric acid produces from ft, acetic and oxalic acids; and diges- 
tion with man^nese dioxide decomposes it. with formation of acetone, acrjiie 
and acetic acids. Citrates carbonize on ignition, with varioua empyreumatic 
products, and with final formation of carbonates. By fused potassium hydrox- 
ide, short of ignition, they are decomposed with production of oxalate and 
acetate. 



§225. Tartario acid. HjC.EiO, = 150.048 . 
H 
I i 
H — — C — C~0 — H CH{OH)CO^ 

I ■ or I . 

H— — C — C — — H CH(OH)CO^ 
I I 
H 

1. Fropertlfls. — Tartaric acid is a colorlesB, crystalline, non-volatile solid; 
freely soluble in water and in alcohol. It exists in four distinct modiflcationa: 
dextrotartaric acid, levotartnric acid, racemic acid, and mesotartaric acid. 
They differ from each other in crystalline form, in solubility, and especially 
in the deportment of their solutions towards polarized light. Racemic and 
mesotartaric acids are optically inactive, but the former may be resolved into 
the first two acids, optically active. 

2. Occurrence. — It is found in varioua fruits. The chief commercial source 
fs grape juice. 

::. rormation. — By oxidation of dextrose, cane sugar, milk sugar, starch, etc., 
with HNO, (Kiliani, A., 18b0, 208, 175). By action of sodium amalgam on 
oxalic ether in alcoholic KOhition (Debus. A.. lH7:i, 166. m). By synthesis 
from succinic acid by formation first of the dibromsuccinic acid, H,C,Br,H,0,: 
then substitution of the OH group for the bromine bv means of water nod 
silver oxide. 

4. Preparation. — The crude argol deposited during the fermentation of grape 
juice is recrystalliied, giving the coramcn-ial craam of tarta'r. KHC.H.O, . 
This in hot solution is treated with powdered chalk, and the filtrate from the 
precipitate thus obtained is precipitat«d with calcium chloride. Both pre- 
cipitates arc washed and decomposed by the necessary quantity of hot dilute 
sulphuric acid. The tartaric acid solution Is evaporated to crystallization and 
purified by reerystallization (Flciniua, Arvh. Fharm., 1879, 815, 1* and 3X0). 

5. Solubilities.— The TartratCB of the alkali basfs arc soluble in water; 
the normal tartrates being fredy soluble, the aeicrtarlratcs of potaseium 
and ammonium f^parinfily soluble. The tartrates of the afkalinp earth 
iMtsea and of the non-alkaline bases, arc insoluble or sparingly soluble, but 
mostly dissolve in solution of tartaric acid. Most of the tartrates are 
insoluble in alcohol. There are double tartrates of heavy metals with 
alkali metaltt, which dissolve in water. Tartar-emetic is potassium anti- 
mnpy tartrate. KSbOC^H.On . 

Hydrochloric, nitric, and sulphuric aoidi transpo'se the tartrates 
(whether forming solutions or not). Most of the tartrates are also dia- 
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solved {and, if alwady dissolved, are not precipitated) by the alkali hy- 
droxides, owing to the formation of soluble double tartrates. 

The freshly precipitated oxides, hydroiides, and carbonates of the fol- 
lowing metals are soluble in a solution of potassium-sodium tartrate, 
Jiockelh salt: Sb , Sn"', Bi , Ca , Fe , Al , Cr , Co , Nl , Hn , and Zn ; Ba , 
Sr, Oa, and Hg to quite an extent, CdCO, is not dissolved (Warren, 
C. N., 1888, 57, 223). 

6. Beactioni. — Solution of oaloiam hydroxide, added to alkaline reac- 
tion, precipitates from cold solution of tartaric acid, or of soluble tartrates, 
calcium tarirale, white, CaC^H^O, . Solution of calcium chloride with 
neutral tartrates gives the same precipitate. Solution of calcium sulphate 
forma a precipitate but slowly, or not at all (distinction from racemic acid). 
The precipitate of calcium tartrate is soluble in cold solution of potassium 

' hydroxide, precipitated gelatinous on boiling, and again made soluble on 
cooling (distinctions from citrate), and dissolves in acetic acid (distinction 
from oxalate). 

Tartaric acid prevents the precipitation by fixed alkalis of solutiona of 
the edits of the following metals : Al , Bi , Co , Ni , Cr , Cn , Fe , Pb , Pt , 
and Zn (Grothe, J. pr., 1864, 82, 175). 

Silver nitrate precipitate;:, from solutions of normal tartrates, silver 
tartrate, KfjC^fi^, white, becoming black when boiled. If the precipi- 
tate is filtered, washed, dissolved from the filter by dilute ammonium 
hydroxide into a clean test-tube, left for a quarter of an hour on the 
water-bath, the silver is reduced as a mirror coating on the glass (§59, 10b), 
distinction from citric acid. Free tartaric acid does not reduce silver 
salts. Permanganate is reduced quickly by alkaline solution of tartrates 
(distinction from citrates), precipitating manganese dioxide, brown. Free 
tartaric acid acts but slowly on the permanganate. Alkaline copper tar- 
trate, Fehling'a solution (§77, 6b), resists reduction in boiling solution. 
Ghromatea are reduced by tartaric acid, the solution turning green. The 
oxidized products, both with permanganate and chromate, are formic 
acid, carbonic anhydride, and water. 

7. Iginition.^On ignition, tartaric acid or tartrates evolve the odor of 
burnt sugar, separating carbon, and becoming finally converted to carbon- 
ates.— Strong sniphnric acid also blackens tartrates, on warming. Melted 
potaasinm hydroxide, below ignition, produces acetate and oxalate. The 
fixed alkali tartrates ignited in absence of air give an alkali carbonate and 
finely divided carbon. The mixture serves as an admirable flux for the 
reduction tests for arsenic (§69, 7). 

8. Detection. — {a) By the odor of burnt sugar when ignited. (6) By 
the deportment of the calcium salt with cold and hot EOH (6). (c) By the 
formation of the silver mirror (§59, 10b). (d) By its action as an alkali 
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tartrate in preventing precipitation of the solutions of the heavy metals 
by the fixed alkalis. To test citric acid for the presence of tartaric acid, 
add about one cc. of ammonium molybdatc solution to about one gram 
of the citric acid; then two or three drops of sulphuric acid and warm 
on the water-bath. The presence of 0.1 per cent or more of tartaric acid 
givea a blue color to the solution (Crismer, Bl, 1891, (3), 6, 23). 



§22S. Carbon monoxide. CO = 28.0 . 
C"0-", C — ,0 . 

1. PropartiM. — Carbon monorldc, carhonic oixfide, formic anhydride, CO, ia a 
colorlesB, tasteleee gas. Specific yravUy, 0.9678. By maintaininf; a preBSure of 
SOO to 300 atmoBpberes at — 136° and then reducing the pressure to SO atmos- 
pheres the g'as becomes a colorless transparent liquid (Wroblt^wskt and Oia- 
zewski, A, Ch., 188f (6), 1. 128). It in. when inhaled, a virulent poison, abstract- 
ing oxygen from the blood and combining with the haemoglobin. It burns in 
the air with a pale blue flame to CO, , but does not support combustion. 
Uixed with air in suitable proportions, it explodes upon ignition. It unite* 
with chlorine in the sunlight to form phosgene, COCI, . 

2. OceuTTSiic«.^In combination as formic acid in ante and in nettles. 

3. Formation. — (a) By the incomplete combustion of coal, charcoal or 
organic material. (6) From the reduction of metallic oxides in the blast 
furnace with excess of charcoal: FCjOj + 3C = 8Fe + SCO. (c) By 
heating sodium sulphate with excess of charcoal (LcBIanc's soda process): 
Va,SO, -j- 4C = ffajS + 4C0 . See also Grimm and Ramdohr (A., 1856, 
98, 127). 

4. Preparation. — (o) By passing steam over charcoal at a white heat 
(water gas): HjO -f C = CO + Hj (Nnumann and Pistor, B., 1S85. 18, 
164). (6) By passing COj over red hot charcoal, (c) By heating 
K,Fe(CH)« with concentrated H^SO,: K,Fe(CN), + GH,SO. + 6H,0 = 
2K,S0, + 3(HH,)^0, + FeSO, + 6C0 . With dilute acid HCH is formed. 
((f) By heating a formate with concentrated sulphuric acid: SECHO, + 
H-jSO, = ZjSO, + SCO + SH,0 . (c) By heating an oxalate with con- 
centrated sulphuric acid: KaCjO^ -|- SH^SO, = K^SO, + H2SO,.H.O -|- 
CO + CO, . 

5. Solobilitiu. — It is not absorbed by EOH or Ca(OH)j (distinction 
from CO,), rt is nbfiorbod by charcoal, cuprous chloride, and by several 
metals, e. g., E , Ag , and An . 

6. Eeaotions. — It is an energetic reducing agent. Combines with rooiat 
fixed alkalis to form a formate (Froelich and Geuther, A., 1880, 202, 317). 
In the sunlight it combines directly with chlorine or bromine. It if 
oxidized to CO, by warming with K;Cr.O, and concentrated H^SOf ; also 

-■- -Jilc 



§827, 4t. OXALIC ACID. 255 

bj palladium Bponge saturated with hydrogen, and in presence of oxygen 
and water (Remsen and Keiser, B., 1884, 17, 83). A solution of PdClj ia 
reduced to Pd by CO . 

7. Ignition. — When heated to redness with Va or E, carbon and an 
alkali carbonate are formed. Upon ignition of metallic oxides in an 
atmosphere of CO a reduction of the metal takes place, so far as observed 
the same as when the corresponding metallic forms are ignited with char- 
coal (Rodwell, J. C, 1863, 16, 44). 

8. Detection. — In distinction from CO, by its failure to ho absorbed by 
EOH or Ca(OH), . By its combustion to CO, and detection as such. By 
its combination with hot concentrated EOH to form a formate. It is 
detected in the blood by the absorption spectrum (Vogel, B., 1878, 11, 
836). 



9. Estiiiiatlon. — The measured voluroe of the ^as is brought in contact with 
a Bolution of cuprous chloride in hydrochloric acid which absorbG the CO 
(Thomaa, C. S., 1878, 37, 6). 



§227. Oxalic add. H,CA = d<)-Ol€. 



1 II CO,H 
H',(C,)+*0-",,H — — C — C — 0— H or j 

1. PropOTtiM. — Absolute oxalic add. H,C,0, , is a white, amorphoiis soltd, 
which may be sublimed at 150° with only partial decomposition: H,C,0, = 
CO, + CO + H,0 . Crystallized oxalic acid, H,C,0,.2H,0 , eltloreBceH very 
slowly io warm, dry air, and meltE in its water of crystallization at 9R°: at 
ivhicb temperature the liquid soon evaporates to the ahsolutc acid. Oxalic- 
anhydride is not formed. 

2. OccBTTence.—Found in many plants in a free state or as an oxalate. In 
Borrel it is found as KHC,0,: in rhubarb as CaC,0, . As ferrous oxalate in 
lignite dcpoaitE; as ammonium oxalate in guano. 

3, Formation. — (a) By decomposition of cyanogen with water, am- 
monium oxalate being one of the products, (h) By the osidation of 
glycol with nitric acid, (c) By heating potassium formate above 400° 
(Merz and Weith, B., 1882, 16, 1507). (</) By passing COj over a mixture 
of sodium and sand at 3C0° (Drechsel, Bl., 18C8, 10, 121). 

4. Preparation. — (a) By action of nitric acid sp. gr. 1.38 upon sawdust, 
starch, or sugar. By the continued action of concentrated nitric acid, 
after the sugar is all oxidized to oxalic acid, the latter is farther oxidized 
to COj. (6) By heating sawdust with KOH or HaOH. Hydrogen is 
evolved, the cellulose, C,H,oO, , I'eing converted into oxalic acid. Under 
certain conditions, additional products are formed. It is also formed in 
the oxidation of a great many organic compounds. 



i_cJ.,CA)Oglc 
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C,.H„0„ + 12HH0. = GHAO. + I2H0 + IIH.O 
3H,C,0. + 2HirO. =: 6C0, + 2N0 + 4H,0 
0.H,.0. + 6K0H + H,0 = 3K,0,0. + 9H, 

Oxalates are formed: a. — By treating the oxide, hydroxide, or car- 
bonate with oxalic acid. In this manner may be made the oxalates of 
Pb, Ag, Hg', Hg", Sn", Bi, Cu", Cd, Zn, Al, Co, Hi, Mn, Pe", Pe", 
Cr"', Ba , Sr , Ca , Mg , Ha , and E . And some others. 

6. — By adding oxalic acid to some soluble salt of the metul. lu this 
manner the above oxalates may be made, except alkali, magnesium, 
chromic, ferric, almninum and stannic oxalates, which are not precipitatwl. 
Antimonous salts are precipitated, but the precipitate is basic. 

c. — Alkali oxalates will precipitate the same solutions as oxalic acid, 
but many of the precipitates are soluble in excess of the alkali oxalate, 
and, as a rule, the salt formed is a double one, e. g., AgNHtC^O, . Ba, Ca 
and Sr are well-defined e.tcoptions to this rule — their precipitates, formed 
by this method, being normal oxalates. 

(/.—Some of the metals when finally divided are attacked by oxalic acid, 
hydrogen being evolved. 

5. Solobllitlea.— Oxalic acid is very soluble in water and in alcohol 
Alkali oxalates are freely soluble in water, as ia also chromic oxalat«. 
Nearly all other metallic oxalates are insoluble in water or only sparingly 
soluble (Luekow, J. C, 1887, 52, 529). 

The metallic oxalates, soluble and insoluble, are transposed by dilute 
sulphnrie, hydroehloric, and nitric acids, with formation of oxalic acid: 
CaCjO, + 2HC1 = CaClj + HjCjO, ■ That is: the precipitated oxalatea 
of those metals, which form soluble chlorides, dissolve in dilute hydro- 
chloric acid; of those metals which form soluble sulphates, in dilute anl- 
phuric acid; and all precipitated oxalates dissolve in dilute nitric acid. 

Acetic acid does not dissolve precipitated oxalates, or but slightly. 
Certain of the oxalates dissolve, to some extent, in oxalic acid (as acid 



6. Beaotlons. — A. — With metala and their compoimdi.— Oxalic acid ami 
soluble oxalates precipitate solutions of many of the metallic salts. With 
excess of the alkali oxalates soluble double oxalates of the heavy metals 
are frequently formed (4). An excess of alkali oxalate transposes par- 
tially the alkaline earth onrbonatea. On the other hand, the alkali car- 
bonates in excess partially transpose the alkaline earth oxalateg (Smith. 
J. C, 1877, 32, 245). See also under Gb of the respective metals. 

Oxalic acid is a decided reducing agent, being converted to wafer and 
carhonir. anhydride (a), and the metallic oxalates to carbonates and carbonic 
anhydride (b), by all strong oxidizing agents. 
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(a) 2H,C,0, + 0, = 2H;0 + ^00, 

(b) 2E,C,0. + 0, = 2E,C0, + BCO, 

1. — ^PbO, with oxalic acid forms lead oxalate and CO, . Oxalic acid has 
no action upon Pb^O, , but reduces it quickly in presence of any acid 
capable of changing the Pb,0, to PbO^ . 

£. Oxalic acid or ammonium oxalate boiled in the sunlight with HgCl, 
gives H^ and CO, [Omelin's Hand-hook, 9, 118]. 

S. — H^AaO^ becomes H^AbO, , and CO, is evolved. To prove that As^' 
becomes Ai'", add excesa of potass^ium hydroxide, and then potassium per- 
manganate. The latter will be quickly decolored. 

4. — BijOj becomes bismuth oxalate and CO, . 

5. — Mn""*''' becomes Mn". (That is, all compounds of manganese haviiQt 
more than two bonds are reduced to the dyad.) In absence of other free** 
acid, UnC^Of is formed, and CQj is given off. If some non-reducing acid 
be present, such as H^SO^ , it unites with the manganese, and all of the 
oxalic acid is converted into COj . 

8. — COjO, and Co(0H)3 form cobaltous oxalate, and CO, is evolved. 

7, — NijOj and Nl(OH), become nickelous oxalate, and COj Is evolved. 

8. — HjCrOf is reduced to chromic oxalate, and COi is evolved. 

As a rule, reducing agents have no action on oxalic acid at ordinary 
temperatures. By fusion, however, a few metals, E , Ha , M^ , etc., reduce 
it to free carbon, 

B. — ^With non-metals and their oompounds. 

l.SJCE , HCNS , H4Fe(CN), , and H,Fe(Cl!r)a seem to be without action 
upon oxalic acid. 

j8.— HNOj seems to have no action upon HjC A ■ With HMO,, CO,, 
FO , and HjO are formed. The nitric acid should be concentrated. Test 
for the COj by passing the gases into a solution of BaCl, containing EOH . 

5.— HjPOj , H,PO, , and HjPO, do not act upon oxalic acid. 

.f,— -Concentrated inlplinric acid, with a gentle heat, decomposes oxalic 
acid, by removing the elements of water from it, with effervescence of 
carbon dioxide and carbon monoxide: HjC^Oj -j- H,SOj = H^SO^.H^O -j- 
COj 4" CO , With oxalates, the decomposition generates the same gases. 
Other strong dehydrating agents produce the same result. 

The effervescing gases, CO, and CO , give the reactions for carbonic anhy- 
dride; also, if in a sufBcient quantity, the CO will hum with a blue flame, 
when ignited, 

6. — With chlorine, hydrochloric acid is formed and the oxalic acid 
becomes COj (Gmelin's Uand-hook, 9, 116), This reaction takes place 
more readily in the presence of KOH , forming KCl and EjCO, . HCIO 
forma CO, and CI . If the oxalic be in excess HCl is formed. The action 
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is more rapid in the presence of a fixed alkali, an alkali chloride and 
carbonate being formed. HCIO, forms CO, and varying proportions of 
CI and HCl , A high degree of heat and excess of oxalic acid favoring 
the production of HCl (Calvert and Daviea, J. C, 1850, 2, 193). 

8. — Bromine decomposes oxalic acid in alkaline mixture, forming a 
bromide and a carbonate. In acid mixture a similar reaction takes place 
if a hot saturated solution of oxalic acid be used in excess. With HArO, , 
bromine and CO^ are formed; with excess of oxalic acid and heat hydro- 
bromic acid is formed. 

7. — HIO, forms CO, and I . With mixtures of chlorates, hromates, and 
iodates, the chlorate is first decomposed, then the br ornate, and finally the 
iodate (Guyard, J. C, 1879, 36, 593). 

7. Ignition. — The oxalates are all dissociated on ignition. Those of 
the metals of the alkalis and alkaline earths are resolved at an incipient 
red heat, into carbonates and carbon monoxide (a) — a higher temperature 
decomposing the alkaline earth carbonates. The oxalates of metals, whose 
carbonates are easily decomposed, but whose oxides are stable, are re- 
solved into oxides, carbonic anhydride, and carbon monoxide (ft). The 
oxalates of metals, whose oxides are decomposed by heat, leave the metal, 
and give off carbonic anhydride (c). As an example of the latter class, 
silver oxalate, when heated before the blow-pipe, decomposes explosively, 
with a sudden puffing sound — a teet for oxalates; 

(a) C«C.O, = CaCO. + CO 

(6) ZnC,0, = ZuO -1- CO, + CO 

<c) Ag,C,0. = SAg + SCO, 

8. Detection. — (a) By warming with concentrated sulphuric acid after 
decomposition of carbonates with dilute sulphuric acid; showing the pres- 
ence of CO, by absorption in Ca(0H)2 or in a solution of BaCl, alkaline 
with EOH ; and showing the presence of CO by its combustibility. (5) In 
solution by precipitation in neutral, alkaline, or acetic acid solution by 
calcium chloride, and solubility of the precipitate in dilute hydrochloric 
acid, Frey (Z., 1894, 33, 533), recommends the formation of a zone of 
precipitation. To the HCl solution containing BsCI, and CaCl^ he adds 
carefully a solution of HaCiHjO, and watches the zone of contact. 

0. Eatim&tlOD.— (a) It is precipitated aa Cn<!,0.; after waahing, tbe Ot is 
determined by (188, 9. from which the oxalic acid ia calculated. (&) By the 
amount of EHnO, which it tvill reduce, (r) By measuring the amount of CO, 
evolved when it is oxidized in any convenient m&nner, usually by HnO, . 
(d) By tbe amount of gold it reduces from AuCl, . 
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§238. Carbon dioxide. CO, = 44.0 . 

(Carbonie anhydride.) 

Carbonic aoid (kypotheiical). H^CO, =: €3.013 . 



I 

G"0-^, and E'lC^O-",, O^C^OandH — 0~C — — H. 

1. Proportlafl.— The speciflc gmvitg ot the fsma CO, is 1,53897 (Crafts, C. r„ 1888, 
lOe, 162); of the liquid at —34", 1.057 (Cailletet and .Mathiaa, C. r., 1886. 102, 
1202); of the solid (hammered), slightly undt^r 1.2 (Landolt, B., 1HH4, 17, 3U0). 
Critical temperature, 30.02° (Andrews, Trant. Rod. Hoc., 1860, IfiS, 583; ISTe, 166, 
SI). It is a heavy colorless gaa; which at low temperatures, +3°, and high 

firessure, TO atmospheres, may be condensed to a clear mobile liquid; and upon 
Drther cooling this becomes a snow-like mass. Liquid CO, is more compres- 
sible than other liquids (Natter«r, ■/., 1K51, 59). It diRuses through porous 
plates more rapidly than oxygen (Graham, C. H., 1863, 8, 79). Non-combustible 
and a non-supporter of combustion, except that X., Nft and Hg burn In the gafi 
forming an oxide of the metal and free carbon. It la used in chemical fire 
engines. Non-poisonous but causes suITocation (drowning) by exclusion of air. 
It is taken internally without injury in soda water, etc. 

Liquid CO, U insoluble in water which swims on the surface. It mixes with 
alcohol and ether. It dissolves iodine but does not dissolve phosphorus or 
sulphur; it is vrithout action upon K or Na . A spirit thermometer immersed 
in the liquid registers —75° (Thilorier, J. pr.. 1834, 8. 100). Solid f!0, at 767,:i 
mm. barometric pressure melts at —77.94° (Regnault, A. Ch., 1849, (3), 26, 257). 
When the solid is mixed with ether it gives a temperature of — 98.3°. 

2. Occnnence.— In a free state in the air, about 0.04 per cent. Found in 
great abundance in the form of carbonates in the earth's crust; e. g., limestone, 
marble, magneaite. dolomite, etc. 

3. Formation. — (a) By burning wood, coal, etc., in the air. (6) By 
burning CO . (c) By the reduction of many metallic oxides upon ignition 
with charcoal, (rf) During fermentation or decay of organic material. 
(fi) By the reaction between acids and carbonates. 

Liquid OOj is made by compressing the gas with pumps at a reduced 
temperature. 

Solid CO, is made by allowing the liquid to tescape freely into woolen 
bagB and then compressing in wooden moulds (Landolt, I. c). 

4. Preparation. — CaCO, (chalk or marble) in email lumps is treated with 
hydrochloric acid in a Kipp's gas generating apparatus. The gas is passed 
through a solution of NaHCO, to remove any HCl that may be carried 
over, and then dried by pa£sing through a tube filled with fused CaCl, . 
It is also prepared on a large scale for making the liquid CO, , and for 
use in sugar factories by the ignition of limestone : CaCO, = CaO + CO, . 

Treparation of Carbonates. — ira,COs is made by converting KaCI into 

XajSO^, by treating it with HjSO, ; then by long ignition with coal and 

calcium carbonate, impure sodium carbonate is formed (Lcblanc's process). 

Ha,SO, -1-40-1- OaOO; = CaS -|- 400 + Ha.CO, 
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It is separated by lixiviation with water, and farther pnrifled. The 
other method, known as the ammonia, or Sotvay's process, consists in pass- 
ing MHj and CO, into a concentrated Bolution of NaCI (a). The FaHCO, 
is converted into NajCO, by heat, and the evolved CO, osed over again (ft). 
The NH4CI is warmed with HgO (c), and the HHj which is given off is 
used over again. The MgCl, is strongly heated (d) and the MgfO is used 
over again, and the evolved gas sold as hydrochloric acid. This contiiiii- 
oni process has nearly superseded the T^eblanc process. 

(o) NaCl + NH, + H,0 + 00, = NaHOO, + NH.Ct 

(i) 2NaHC0, + heot = Na.CO. + CO, + H,0 

(c) 2NH.C1 + MgO = MgCl, + 2NH, + H,0 

(d) MgCl, + H,0 + heat = MgO + 2SC1 

The other carbonates are mostly made from the sodium salt (6), 

5. Solnbilities, — CO3 is soluble in water, forming the hypothetical 
HjCO, , which reacts acid towards litmus. At 15" one volume of water 
absorbs 1.002 volumes of the gas (Bunaen, A., 1855, 93, 1). It is rapidly 
absorbed by hydroxides of the alkalis and of the alkaline earths, forming 
normal or acid carbonates: KOH + CO, = KHCO, or 2K0H + CO, = 
EjCO, -j- HjO . The carbonates of the alkalis are soluble in water (acid 
alkali carbonates arc less soluble than the normal carbonates), other 
carbonates are insoluble in water or only sparingly soluble. The presence 
of some other salts, especially ammonium salts, increases the solubility of 
carbonates, notably magnesium carbonate (§189, 5c). Many of the car- 
bonates are soluble in water saturated with COj ; forming acid carbonates 
of variable composition. BoOing removes the excess of CO, , causing pre- 
cipitation of the carbonate. 

6. Reactions. — Dry carbon dioxide does not unite with dry calcium 
oxide at ordinary temperature (Birnbaum and Maher, B., 1879, 12, 1547; 
Scheibler, B., 1886, 19, 1973). Also at 0" no reaction takes place between 
dry COj and dry Hb,0 , but at 400° combination takes place with incan- 
descence (Beketoff, Bl, 1880, (2), 34, 327). 

Carbonates of the fixed alkalis precipitate solutions of all other metallic 
salts: with antimony the precipitate is an oxide; with tin, aluminum, 
chromium, and ferricum it is an hydroxide; with silver, mercurosnio, 
cadmium, ferrosum, manganese, barium, strontium, and calcium it is a nor- 
mal carbonate; with other metals a basic carbonate, except that mercuric 
chloride forms an oxychloride. Carbonic acid is completely displaced by 
strong acids, for example, from all carbonates, by HCl , HClOgHBr , HBtO, , 
HI , HIO3 , H-CjO^ , HNO3 , HaPO, , HjSO, , and even by HjS , completely 
from carbonates of the first four groups, incompletely from those of the 
fifth and sixth groups (Nandin and Montholon, C. r., 1876, 33, 58). 

Ammonium carbonate precipitates solutions of all the non-alkali metals, 

.... .... _.. ,MC 
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chiefly as carbonates; except mapncaiMin salts which are not at all pre- 
cipitated, a soluble double salt being at once formed (separation of barium, 
strontium, and calcium from magnesium). With salts of silver, copper, 
cadmium, cobalt, nickel, and zinc the precipitate is redissolved by an 
excess of the ammonium carbonate. 

The decompoBition of cnrbontites by acids is usually attended by marked 
effervescence of gaseous CO, which reddens moist litmus paper : Va^CO, -f- 
H,SO, = Ka,SO, + H,0 + CO, . 

With normal carbonates in cold solution, slight additions of acid (short 
of a saturation of half the base) do not cause effervescence, because acid 
carbonate is formed: SNajCO, + HjSO^ — Ha,SOj -f 2NaHC0:, ; and 
■when there is much free alkali pre:;ent (as in testing caustic alkalis for 
slight admixtures of carbonate), perhaps no effen'escence is obtained. 
By the time all the alkali is saturated ivith acid, there is enough water 
present to dissolve the little quantity of gas set free. But if the car- 
bonate solution is added drop ly drop to the acid, so that the latter is coit- 
etantly in excess^even alight traces of carbonate give notable effervescence. 

The effervescence of carbonic acid gas, COj, is distinguished from that of 
HjS or SO, by the gas being odorlens, from that of WjO, by its being color- 
less and odorless; from all others by the effervescence being proportionally 
more forcible. It should be remembered, however, that CO, is evolved 
(with CO) on adding strong sulphuric acid to oxalates or to cyanates. 

On passing the gas, CO,, into solntion of Dalcinm hydroxide (a); or of 
iMrioffl hydroxide {b); or into solutions of calcium or barium chloride, 
containing much ammonium hydroxide (c), or into ammoaiacal golntion 
of lead acetate (d), a white precipitate or turbidity of insoluble carbonate 
is obtained. The precipitate may be obtained by decanting the gas (one- 
half heavier than air) from the test-tube in which it is liberated into a 
(wide) test-tube, containing the solution to be precipitated; but the opera- 
tion requires a little perseverance, with repeated generation of the gas, 
owing to the difficulty of displacing the air by pouring into so narrow a 
vessel. The result is controlled better by generating the gas in a large 
teat-tube, having a stopper bearing a narrow delivery- tube, so bent as to 
be turned down into the solution to be precipitated. 
(o) CO, -J- CR(0H), = CaCO, -(- H,0 
(6) CO, -I- B»(OH), = BaCO, + H,0 

(c) CO, -I- CaCl, -F 2NH,0H = CaCO. H- aSH.Cl -1- H,0 

(d) CO, -I- Pb,0(C,H,0,), = PbCO, -I- Pb(C,H,0,), 

The solutions of calcium and barium hydroxides furnish more delicate 
tests for carbonic anhydride than the ammoniacal solutions of calcium and 
barium chlorides, but less delicate than lead basic acetate solution. The 
latter is so rapidly precipitated by atmospheric jcarhonie anhydride, that 



863 CABBOK DIOXIDE. §SS8, T. 

it cannot be preeerved in bottles partly full and frequently opened, and 
cannot be diluted clear, imleBS with recently boiled water. 

Solutions of the add carbonates effervesce, with escape of CO, , on boililg 
CT keatinp, thus: 

3KH0O, = B:.C0, + H,0 + CO, . {Gradually, at 100'.) 

2KaH00, = KajCO, + H,0 + CO, . (GraduaUy, at 70"; rapidlj at SO" to lOO'.) 
2NH,HCO, = (ITHJ.CO, + H.O + CO, . (Begins to evolve CO, at 36'.) 
<»H.).H,{CO,), = 3(NH.),C0. + H,0 + CO. . (Begins at 49".) 

7. Ignition. — On igruition, tho normal carbonates of the metals of the 
fixed alkalis are not decomposed ; the carbonates of barium and strontium 
are dissociated slowly, at white heat, calcium carbonate at a full red heat, 
forming the oxide and CO,. At a lower temperature, ignition charigen 
all other carbonates to the oxide and CO, , except that the carbonates of 
silver at 850°, mercury, and some of the rarer metals are reduced to the 
metallic state, CO, and oxygen being evolved. Stannous and ferrous 
oxides ignited in an atmosphere of CO, are changed to SnO, and Pe,0, , 
TcEpectively, with evolution of CO (Wagner, Z., 1879, 18, 559). 

8. Detection.^Carbo nates arc detected: (o) By the suddon effervescence 
when treated with dilute acids, (b) By the precipitate which this gas 
forma with solutions of Ca(0H)2 , Ba(OH), , or Pb,O(C;H,0j). . If but a 
small amount of carbonate be present, the mixture mu^t be warmed to 
•drive the CO, over into the reagent (6). A non-volatile acid as H.SO, or 
B,PO, should be used, as a volatile acid might pass over with the CO, and 
prevent the formation of a precipitate, (c) Phenolphthalcin detects the 
■normal carbonate in solution of the bicarbonate (very delicate). Sodium 
bicarbonate fails to give a precipitate with magnesium sulphate (di*ti:ip- 
tion from Na,CO,) {Patein, J. Pkarm., 1892, (5), 26, 448). 

To detect free carbonic acid in presence of bicarbonates, a solution of 
1 part of rosolic acid in 500 parts of 80 per cent alcohol may be employed, 
to which barium hydroxide has been added until it begins to acquire a 
red tinge. If 0.5 cc. of this rosolic acid solution be added to about 50 cc. 
of the water to be tested — spring water, for instance — the liquid will be 
colorless, or at most faintly yellowish if it contains free carbonic acid, 
■whereas, if there be no free carbonic acid, but only double salts, it will 
be red (Pettenkofer, Dingl, 1875, 817, 158). 

Salzer {Z., 1881, 20, 327) gives a test for free carbonic acid or bicar- 
tonatcB in presence of carbonates, founded on the fact that the Nessler 
ammonia reaction (§207, 6k) docs not take place in presence of free car- 
bonic acid or bicarbonates. This reaction is also used to detect the presence 
«f fixed alkali hydroxides in the fixed alkali carbonates. In presence of a 
fixed alkali hydroxide a brown precipitate is obtained {Dobbin, J. Soc. Ind., 
1888, 7, 829). 
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—(a) By decomposition of a weighed sample with acids and 
detenninlng the CO, by Iobh of weight, after taking into consideration the 
gain in weight due to the acid ueed. (ft) By deeompoBition of the weighed 
sample and collection of the CO, in a weighed KOH solution, (c) By deeom- 
poBition with an excess of a standard acid, boiling to expel the CO, and 
titrating the excess of acid, (d) Sodium bicarbonate may be estimated by 
tUration with sodium hydroxide: KaHCO, + NaOH = Na,CO, + H,0 . The 
first excess of sodium hydroxide beyond the reaction gives a brown precipi- 
tate with silver nitrate (Lunge, Z. an^ev., 1897, 169; Bohlig, Arck. Pharm., 1888, 
226. 541). 



§229. Cymiogen. CH = S6.04 . 

H=C--C=H. 

A colorless. Intensely poiwnous gas; apecific gravity, 1.8064 (Oay-Lussac, GWB., 
1816, B3, 14S). The molecular weight shows the molecule to be 0,N, . At 
ordinary atmospheric pressure it liquifies at — 22° (Drion, J., 1S60. 41); at !0* 
under four atmospheres pressure (Hofmann, B., IHTO. S, 65B). The gas has 
an odor of bitter almonds and burns with a red color to the flame forming 
CO, and N. When cooled to about the freezing point of mercury it solidifies- 
to a crystalline ice-like mass (Hofmann, 1. r.). Critical temperature, 124° (De- 
war, C. N., 1885, 61, 27). The liquid is colorless, mobile and a non-conductor 
of electricity. It occurs in the gas from the coke ovens (BuDsen and Playfair, 
J. pr., 1847, 42, 14S). It is prepared: (u) By heating the cyanides of mercury, 
silver or gold: Hg(ClT), = Sg + C.N, . (6) By the drv distillation of am- 
monium oxalate: (1TH.),C.0, = 4H,0 -|- C,N, . (c) By fusing KCN with 
BgCl,: 2KCN + HgCl, = Hg -f 2KC1 -|- C,N, . (<l) Bv liealing a solution of 
CnSO. with KCN. Half of the CN is evolved and Cu'CN is formed. If the 
CuCN be heated with FeCl, or MuO, and HC,H,0, , the remainder of the 
CN 18 obtained. The gas ia purified by absorption with aniline; oxypen, 
nitrogen and carbon dioxide are not absorbed (Jacqnemin. A. Ch., 1886, (6), 6, 
140). It combines with CI, Br, I, S, F, and with many of the metals. 
reacting very much like the halogens. It dissolves in water, alcohol and 
ether; but gradually decomposes with formation of ammonium oxalate and 
carbonate (Vauquelin. A. Ch.. 1823, 22, i:i2: BufI and Hofmann, A.. 1S60. 113, 
1B9). At 500° it combines with hydrogen to form HON (Berthelot, Bl., 1880, 
(t), 33, 2). With Zn it forms Zn(CN), , rapidly at 100°. With HCI and abso- 
lute alcohol it forms oxalic ether, which shows cvanogen to be the nitrile of 
oxalic acid (Pinner and Eleln, B., 1878. 11, 1481). With solution of EOH , 
KCN and ECNO are formed: C,N, + 2E0H = KCN + ECNO -|- H,0 . Com- 
pare the reaction with chlorine and EOH (S270). 



§230. HydrooTanio acid. ECU' = S7.048 . 
H_C=H. 

L Proper tisB.— Hydrocyanic acid is n clear, mobile liquid, boiling at 26°. At 
— 15° it freezes to a fibrous crystalline mass. Speciflc gravili/ at 19°, 0.697 

SBIeekrode, Prop, floff. Soc., 1884, 37, 339). It bums with a bluish-red fiame, 
orming H,0 , CO, and K. Its index of refraction is much less than that of 
water (Mascart, C. r., 1878, 86, 321). It ia one of the most active poisons 
known; of a very characteristic odor, somewhat resembling that of bitter 
almonds. The antidote is chlorine or ammonia by inhalation. Its water 
.solution decomposes slowly, forming ammonium formate: scarcely at nil in 
the dark. It distils readily unchnnped. The U, S. P. solution contains two 
per cent of ECN. It is a weak acid, scarcely reddening litmus: its salts are 
partially decomposed by CO, . The free acid or soluble salts when warnied 
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wltli dilute RlkaliB or acide (with strong acids in the cold) becomes formie 
acid and ammonia: HCN + 3H,0 = HCO.H + NH, . 

2. OcciUTenoft. — The free acid dots not occur la nature, but in combination 
In the kernels of bitter almondH, peaches, apricots, plums, cherries and 
quinces; the blossoms of the peach, sloe and mountain ash; the leaves ot the 
peach, cherry laurel and Portugal laurel; the young branches of the peach; 
the stem-bark of the Portugal laurel and mountain aeh; and the roots of the 
last-named tree, when soaked in water for a time and then distilled, yield 
hydrocyanic acid, together with bitter-almond oil. Potaeaium cyanide appears 
in the deposits of blast furnaces tor the smeltiug of iron ores. 

:i. Formation. — (a) Decomposition of amygdaline by emulaine and distilla- 
tion, (b) By the action of the electric spark on a mixture of acetylene and 
nitrogen (Berthelot, J.. 1874, 113), (e) By heating a mixture of cyanogen and 



hydrogen (5229). (d) By the dry distillation of ammonium formate: 
= HCN -j- 2H,0. (e) By boiling or fusing many organic compounds contain- 
ing nitrogen with KOH , forming KCN (Post and Iluehner, B.. 1873, 5, -iOS). 
(0 By decomposition of metallic cyanides with mineral acids, (g) By heating- 
chloroform with a mixture of ammonium and potassium hydroxides (Hof- 
mann, A.. IHIiT. 144, 116). 

i. Frepamtlon. — (n) By the action of dilute sulphuric acid on potassium 
ferrocyanide: 3K.re(CN). -t- 3H,SO, =: CHCN -f K,Fe,(CN). + :iK,SO. . 
(b) By action of acids upon metallic cyanides, (e) By the action of sulphuric 
acid upon mercuric cvnnide in the presence of metallic iron: HgtCH), -f- Fa + 
H,SO. = 2HCN + FeSO, + Hg . 

Metallic cyanides are preiuired: (a) By the action of HCN on metallic 
hydro.tides. (6) By the action of soluble cyanides on metallic salts, (c) Bv 
igniting potassium ferrocyanide: K,Fe(CN), = 4KCN -|- FeC, -|- N, . (d) By 
heating potassium ferrocyanide with potassium carbonate. If prepared in 
this manner it contains some cyanate: K,F8(CN). + K,CO, = SKCN + ECNO 
+ Pe + CO, . 

6. 8olnbilitt«a Hydrocyanic acid is soluble in water, alcohol and ether in 

all proportions. A mixture of equal parts acid and water increases in tem- 
perature from 14' to S3.5°; it also increases slightly in volume (Bussy and 
Buignet, A. Ch.. IBGS, (4), 4, 4), 

The cyanides of the alkali metals, alkaline earth metals, and mercuric 
cyanide, are soluble in water, barium cyanide being but sparingly soluble, 
^e solutions are alkaline to tent-paper. The other metallic cyanides are 
insoluble in water. Many of these dissolve in solutions of alkali cyanides, 
by combination, an doultle wvtaillc cyanides. 

Fb , Hg , As , Sb , Sn , Bl and Cd are dissolved by ECN with absorption 
of oxvgen. Cu , Al , Fe (bv H or CO), Co. Nl , Zn and Mg with evolution 
of hydrogen: 2Ca -|- sKCN + 2H,0 = 2CaCIT + 2KOE + H, . Iron or steel 
wire are not attacked (Goyder, C. N., 1894, 60, 362, 268 and 280). 

G. KeactlonB. — There are two classes of doable cyanides, both of which are 
formed when a cyanide is precipitated by tin alkali cvanide, and rediasolved 
by excess of the precipitant: HgCl, -|- 2KCN = Hg(CN), -|- SECl; and with 
excess of KCK: Hg(CN), -|- 8KCN = (KCN),Hg(CN), . 

ClaHS I. Double cyanides irlileh are not affected hy alkali hgdrnrldet, hut tuffer 
d(»«oWa(ion when treated with diliile (icide: (KCN),Hg(CN), -|- 2HC1 = Hg(CH), 
-I- 2KC1 + 2HCN . These closely resemble the double iodides (potassium 
mercuric), and the double sulphides or thiosalts (E69, 5c and 6f). The most 
frequently occurring of the double cyanides of this class, which dissolve Id 
water, are given below: 

Potassium (or sodium) zinc cyanide, K,Zn{CN), or (KCN),Zn(CN), . 

Potassium (or sodium) nickel cyanide, K,Ni{CN). or (KCN),Ni(CN), . 

Potassium (or sodium) copper cyanide, K,Cii(CN), or (ZON),Cu(CN), . 

Potassium cadmium cyanide, K,Cd(CN). or (KCN),Cd(CN), . 

Potassium (sodium or ammonium) silver cyanide. KCNAgCN or KAg(CN)i - 

Potassium (or sodium) mercuric cyanide. k,Hg(CN). or (KCN),Hg(Cll), . 

Potaaainm (or sodium) auric cyanide. XAu(CN), or SCHAa(CN). . 

■ "" " " O""" 
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ClasB II, Double cyanides tthleh, ag prccipUaleg, are transpoaed by alkiili hudrox- 
ide», in dUult goluiton (a), an4 are trangposed. irllhnut dlnsoclalitm, by dilute acids 
(6). In these double cyanides, as potassiiun ferrous cyanide, K,Fe(CK), , the 
whole of the cyanoB^n appears to form a new rompovnd rad'iriil with that metal 
whose Btnple cyonide is insoluble in water; thus. Fe(CN), as " ferrocyanogen," 
giving K.Fe(CN), as " potaBsiiini femicyanide " (for the potassivini ferrous 
«ynniile). These more stable double eyaiiiiles or " ferrocynnideB," etc., cor- 
respond to the platinic double chlorides or " ehloroplatinales " (S74, 5c), and 
t*e palladium double chlorides, or chloropalladiates (9106, 5c). The most 
frequently occurring of the double cyanides of this elnss, which nre soluble in 
water, are given below. 

(a) Cu,r8(CN), + 4K0H = 2Cu(0H), + K.F8(CK), 
(6) K.re(CN). + HH^SO. = aK,SO. + H.Fe(CN), 
2K,F«(GN), + 3H,S0. = 3K,S0, + 2H,Fe(CN). 
' Alkali ferrocya aides, as K,F«"(CN), , potassium ferrous cyanide. 
Ferrlcyanides, ae K.Fe"'(CN), , potassium ferric cyanide. 
Cobalticyanides. as K,Co"'(CH'), , potassium cobaltic cyanide. 
Mangnnieyanides, as K,M:n"'(CM'), , potassium man(ranic cyanide. 
Chromi cyanides, as K,(Cr'")(CTr), , potassium chromic cyanide. 
The easily decomposed double cyanides of Class I. are, like the single cyan- 
ides, intensely poisonous. The difficultly decomposed double cyanides of Class 
U. are not poisonous. 

The Single Cjranides are trangposed by the atronger mineral acids, more 
or less readily, with liberation of hydrocyanic acid, HCH, effervescing fi-om 
concentrated or hot solutions, remaining disBolved in cold and dilute solu- 
tions. Mercuric cyanide furnishes HON by action of HjS, not by oth^r 
acids. The cyanides of the alkali and alkaline earth metals are transposed 
by all acids— even the carbonic acid of the air— and exhale the odor of 
hydrocyanic acid. Solution of ailvei nitrate precipitates, from solutions 
of cyanides or of hydrocyanic acid (not from mercuric cyanide) silver 
cyanide, AgCK , white, insoluble in dilute nitric acid, soluble in ammonium 
hydroxide, in hot aramooiura carbonate, in potassium cyanide, and in 
thiosulphates — uniform with silver chloride. Cold strong hydrochloric 
acid decomposes it with evolution and odor of hydrocyanic acid (recogni- 
tion from chloride) ; and when well washed, and then gently ignited, it does 
not melt, but leaves metallic silver, soluble in dilute nitric acid, and pre- 
cipitable as chloride (distinction and means of separation from chloride). 
Solution of meroorooi nitrate, with cyanides or hydrocyanic acid, ie 
resolved into metallic mercury, as a gray precipitate, and merctirie cyanide 
and nitrate, in solution. Salts of copper react, as stated in §77, 66; ealtl 
of lead, as stated in g57, 6&'. 

Ferrous Balti, added to saturation, precipitate from solutions of cyan- 
ides, not from hydrocyanic acid, ferrous cyanide, Fe(CH)j , white, if free 
from the ferric hydroxide formed by admixture of ferric salt, and, with 
the same condition, soluble in excess of the cyanide, as (with potassium 
cyanide), (KCIf)«Fe(CN), = K.Fe(CN), , potassiijm ferrocyanide (a). On 
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acidolAting this solution, it gives the blue precipitates with iron Baits, 
more marked with ferric salts (b) : 

(a) 2XCir + ToSO. = ro(CN), + X,80. 

FfttCN), + 4KCH = K.Fs(aH-). 
(A) 3K.re(CN), + iraCl, = Te.(r0(CH),), + ISKOI 

This production of the blue ferric ferrocyanide is tnade a delicate test for 
hydrocyanic acid, aa follows: A little potassitim hydroxide and ferrpus 
Bulphate are added, the mixture digested warm for a short time; then a 
very little ferric chloride is added, and the whole slightly acidulated (so 
as to dissolve all the ferrous and ferric hydroxides), when Prussian blue 
will appear, if hydrocyanic acid was present {Link and Moeckel, Z., 1878, 
17, 456). 

Solution of nitrophenio a«id, picric acid, C,H,{N03)jOH , added, in a 
small quantity, to a neutralized solution of cyanides of alkali metals, on 
boiling( and standing), gives a blood-red color, due to picrocyanate (as 
KCgH^KjOg). This test is very delicate, but not very distinctirc, as vai-- 
ious reducing agents give red products with nitrophenic acid (Vogel, 
0. N., 1884, 60, 270). 

The fixed alkali hydroxides, in boiling solution, strongly alkaline, gradu- 
ally decompose the cyanides with production of ammonia and formate: 
HON + KOH + HjO = KCHO, +NH, . Ferrocyanidea and fcrricyanidea 
finally j'ield the same products. Dilute alkalis, not heated, transpose, a» 
by equation a, class II above. 

Cyanides are strong reducing agents. The action is not so marked in 
solution as in state of fusion (7), Pormanganatea are reduced by cyan- 
ides, and cupric hydroxide in alkaline solution forms Cn'. Solutions 
of cyanides on exposure to tbe air take up some oxygen with formation of 
a cyanatc : 2KCK + 0^ — 2KCN0 . Commercial potassium cyanide always 
contains some potassium cyanate. By warm digestion of a cyanide with 
BUlphnr or with yellow ammonium sulphide a thiocyanate is formed (8). 
Hydrocyanic acid reduces PbO„ , forming Pb(CN)j and CH : PbOi + 4HCH' 
= Pb(CN)j -I- C„N, + 2H,0 (Liobig, A., 18.t8. 36, 3). With HCH and 
H,Oj oxamide is formed (Altfield, J. C, 1863, 16, 94). Chlorine forms 
with hydrocyanic acid a cyanogen chloride (Serullaa, A. Ch., 1828, 38, 
370); with iodine the reaction is not so marked, but a similar product is 
formed (Meyer, B., 1887, 20, III, 704). Concentrated sulphuric acid 
decomposes all cyanides. 

7. Ignition. — By fusion with fixed alkalis, cyanides and all compounds 
containing cyanogen yield ammonia. In state of fusion cyanides are very 
eflScient reagents for reduction of metals from their oxides or sulphides 
to the metallic state (§69, 7). The cyanates or thiocyanates formed in 
the reaction are not readily decomposed by heat alone. 



§231. aTDROFERROCTAJfW ACID. 267 

8. Deteotion. — Cyanides may be detected: (a) By the odor of the free 
add upon decomposition of the cyanide with acids. This test mast be 
applied with extreme caution as the eTOlved HON or ON is yery poisonous. 
(b) By formation of a ferrocyanide and its reaction with ferric salts, as 
described in 6. (e) The production of the red ferric tkiocyanate is a test 
for kydroetfanic and, more delicate than formation of ferrocyanide. By 
warm digestion this reaction occurs: 2KCS -|- 8, = 2KCNS ; or: 
2(irH.),B, + 4H0ir = 4ITE,0N8 + 2H.S + 8, 

To the material in an evaporating-diah, add one or two drops of ydlour 
unffloninm solphide, and digest on the water-bath until the mixture is 
colorless, and free from Hulphide. Slightly acidulate" with hydrochloric 
acid (which should not liberate HjS), and add a drop of solution of ferric 
chloride; the blood-red solution of ferric thiocyanate will appear, if hydro- 
cyanic acid was present (Link and Moeckel, I. c). 

(d) Link and Moeckel also recommend the following test for cyanides, 
delicate to 1-3,000,000. Saturate a filler paper with a four per cent 
alcoholic solution of guaiac; allow the alcohol to evaporate; then moisten 
the paper with a one-fourth per cent solution of copper sulphate, and 
allow the unknown solution to trickle over this test paper. A deep blue 
color indicates the presence of a cyanide. 

To detect cyanides in presence of ferri- and ferrocyanides it is directed 
to add tartaric acid and, in a distilling flask, pass a current of carbon 
dioxide, warming not above 60°. Test the distillate by the methods 
given above. Ferro- and ferrieyanides do not yield 1S.CS. under 80° (Hilger 
and Tamba, Z., 1891, 30, 529; also Taylor, C. N., 1884, 50, 22r). 

9. Eatlmtttion.— (a) The nearly neutral solution of cyanide la titrated with 
standard silver nitrate. No precipitate occurs as Ions' "!* two molecules of 
alkali cyanide are prcaent to one of silver nitrate. Soluble AgCH.ECN Is 
formed. As soon as the alkali cyanide is all used in tlie formation of the 
double cyanide, the next molecule of silver nitrate decomposcB n molecule of 
the double salt, foiminff two molecules of insoluble cilver cyanide: p^iving a 
white preefpftate for the end reaction. Chlorides do not interfere (LlebiR, A., 
ISSl, 77. 102). (b) By titration with a standard solution of HgCl, , applicable 
io presence of cyanates and thiocyanates (Hannay, J. C, 1S7S, 33, 24S). 



§231, HydrofeiTooyanio acid. S,'Et(CS)t = 316.172 . 

H',Fe"(CN)-', . 

Absolute hydroferrocyanic acid (S230. 6, Clasa TI.), ia a white solid, freely 
soluble in water and in alcohol. The solution is strongly acid to test-paper. 
and decomposes carbonates, with etleneacerce, and acetates. It is non-volatile, 
but absorbs oxygen from the uir, more rapidly when heated, evolving hydro- 
cyanic acid and depositing Prussian blue: TE.Fe(CN), + O, = re,('»(CN),), 
+ 2H.0 -f- 24HCH . 

Potassium ferrocyanide is the usual starting point in the preparation of the 
free acid or any of the salts. It Is prepared by fusing together in Ka iroa' 

" ■■ ----- - o" 
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kettle nitrogenous animal matter (blood, hair, horn, hoof, etc.), eommerciat 
potash (KOH), and scrap iron. The ferrocjanide is formed when this mass is 
digested with water. The filtrate is evaporated to crystallization (lemon-jellow 
prism), soluble in four parts of water. 

Ilvdroferroeyanlc acid is formed by transposition of metallic ferroeyanidtt 
in solution, with strong acida (o). When the solution is heated, hydrocyanic 
acid is evolved; in the case of an alkali ferrocyanide, without absorption of 
ovygen (b). Potassium ferrocyanide and sulphuric acid are usually employed 
for preparation of hydrocyanic acid (c): 

(a) K,Fe(CN). + 3H,S0. = SK,SO. + H,Pe(CN). 

(6) 3H.re(CN), + K.re(ClJ'), = 3K,FeEe(CN). + 12HC1I 

(c) 2K,F«(CN). + 3H,S0. =3K,S0, + K,FeFe(CN), + eHCH 

The ferrocyanldes of the alkali metals, strontium, calcium and magnesiuni, 
are freely aoluble in water; of barium, sparingly soluble; of the other melali. 
Insoluble in water. There are dnuhle ferrocyanlilfs; soluble and insoluble; that 
of barium and potassium is soluble, but potassium calciani ferrocyanide is in- 
soluble. The most of the fcrrocyanidcs of a heavy metal and an alkali metal 
are insoluble, rotassium and sodiutn ferrocyanldes are precipitated from their 
■water solutions by alcohol (distinction from ferri cyan ides). 

The soluble ferrocyanldes are yellowish in solution and in crystals, white 
Twhen anhydrous. The innolvble ferrocyanidn have marked and very Aittru 
colors, as seen below. 

Solutions of alkali lerrocyanldM, as K,?e(CN'),, give, with soluble salts of: 
AlmutnimL, a white precipitate, Al(OH), and Fe(CK)i (formed slonly). 
Antimony a white " ab,[Pe(CN).],.25HjO . 

BlBmttth, a white " Bl.(re(CN).), . 

Cadmium, a white " Cd,Fe(CN), (soluble in HCl). 

Calcium, a white " K,CaPB(CN). . 

Chromium, no " 

Cobalt, a green, then gray " Co,rc(CH).. 

Copper, a red-brown " CU]re(CH).. 

Gold, no 

Iron (Fe"). white, then blue " K,rePe(CN), . 
Iron (Fe'"). a deep blue " Fe.(Fe(CN),), . 

l>ad, a white " Pb,Fe(CK), . 

Magnesium, a white " (irH.),MgFe(CN), (in presence of NH.OE) 

a yellow-white " K.KgFe(CH). (only in concentrated soln- 
tion). 
Kanganese, a white " Hn.Fe(CN), (soluble in HCl). 

Hercnry (Hg*), a white " Hg.Fe(CN). (gelatinous). 

Mercury (Hg"), a white " Hg:Fe(CN). , turning to HfffCH), sad 

Fe,(Fe(CN).),, blue. 
Holybdeaum, a brown " 

Nickel, a greenish-white " Ki,Fe(CN), . 

Stiver, a white " Ag.FefCN). . (slowly turning blue). 

Tin (Sn- and Sniv), white " (gelatinous). 

Uranium (uranoos), brown " UFe(CK)i . 
TTranium (uranyl), red-brown " (UO,),Pe(CN>, . 
Zinc, a white, gelatinous " ZniPe(Cir), . 

See Wyrouboff (A. Cft.. 18T6 (5), 8. 444; and J877, (5), 10, <09). 

Insoluble ferrotyanidcE are transposed by alkalis ({230, 6, Class II.) 

It « ill be obserted (S230, fi) that {ermryanlde» art terrou» combinations, white 
ferrirmnideii ore f'.rric combinations. And, althoug'h ferrocyanidea are far l**" 
easily oxidized than simple ferrous salts, being stable in the air, they vn 
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nevertheless Tednclop agenta, of moderate power: 3E,Fe(CK), + CI, ^ 

2K.r8(CN), + 2KC1. 

PbO, with sulphuric acid forms Pb" and H,Fe(CN), . 

A^ with tl\ed alkali forma an alkali ferricyanide and metallic silver. 

Crvi with phosphorie acid, gives Cr"' and H,re(CN). (Schonbein, J. pr., 1840, 

20, 14D). 
Co'" with phosphoric acid forma Co' and H,Pe(CN), . 
Ni'" with acetic acid gives Nl* and H,Pe(CN), . 
TtaO, with phosphoric aci<l gives Mn" and H,F«(CN), . 
itaVii forms with potassium hydroxide MuO, and potassium ferricyanide. 

With sulphuric acid. maiiBanous sulphate and hjdroterricjnnic acid, 
i'erri cyan ides when boiled with NH.OH g-ive ferrocyanides (I'luvfair, J. C, 

1S57, fl, 128). 
BNO, forms first hydroferrioyanic acid, then hydronitroferri cyanic aciil and 

NO. 
HNO, forms hydroferricyanic acid, and then hydronitroferri cyanic acid, NO 

being evolved. 
CI forms flrst hydroferricyanic and hydrochloric acids. Excess of chlorine to 

be avoided in preparation of ferricyanideH. 
HCIG, forms hydroferrieyntiic niul hydrochloric acids. 
Br forms hydroferricyanic and hydrobromic acids. 
HBrO, forms hydroferricyanic and hydrobromic acids. 
I, iodine is decolored by potassinm ferrocynnide, and some potassium ferri- 

cvanide and potassium iodide are formed. The action is slow and never 

complete (Gmelin's Hand-liook, 7, <50). 
HIO, forms hydroferricyanic acid and free iodine. 

In analysis, soluble ferrocyanidee are recognized by their reactions with 
ferrous and ferric salts and ccpper salts (see Cb, §126 and S7T). Separated 
from ferricyanide, by insolubility of alkali salt in alcohol. 

Ferrocyauldes are estimated in solution with sniphuric acid by titrating with 
standard KKnO, . Also by precipitation with CuSO, either for gravimetric de- 
termlnatioQ or volumetrlcally, using a ferric salt as an eztemal indicator. 



§232. Hydroferrifiyanio acid. H,Fe{CK), =: 215.164. 

H',Fe"'(CN)-', . 

Absolute hydroferricyar.ic acid, HiFe(CN), , is a noi 
solid, readily soluble in water, with u brownish color, i 

test-paper. It is decomposed by a slight elevation of tempfraturc. in tne 
transposition of most ferri cyan ides, by sulphuric or other acid, the hydro- 
ferricyanic acid radical is broken up, 

I'otassium ferricyanide is the usual starting point in the preparation of most 
ferricyanides. It is prepared by passing chlorine into a cold solution of 
KiFa(CN), until a few drops of the liquid give a brownish color, but no pre- 
cipitate with a. ferric salt. The solution is evaporated to crj-stallizatlon and 
the salt repeatedly recr.VHtaIli7.ed from water. Larfre red prismatic crystals, 
very soluble in water, freely soluble in alcohol (distinction from K.FefCN),). 
The free acid is made by adding to a cold saturated solution of K,Fe(CN), 
three volumes of concentrated HCl and drying the precipitate which forma, 
in a vacuum (JoanniR, C. r., 1SK2, 94, 449. 841 and 72,1). Lustrous, brownish- 
green needles, very Roluble in water and alcohol, insoluble in ether. 

The ferrlcfajildeB of the metals of the alkalis and alkaline earths are B0lubl« 
In ^ratar; those of most of the other metals are insoluble or sparingly soluble. 
TTie Boluble ferricyanides have a red color, both in crystals and solution; those 
insoluble have different, strongly marked colors. Potassium and sodium ferrl- 
i-yanldes are but slightly, or not at all, precipitated from their water solution! 
by alcohol (separation from ferrocyanides). 

Ferricyanides are not easily decomposed by dilute acids: but alkali hydrox- 
ides, either transpose them or decompose their radicals ({230, 6). 
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Solations of metallic f«rrle]raiiid«s gi-ve, with eolnble aalta of: 
tttiTwiTimw Qo precipitate. 
Antlniony, Jio precipitate. 

Blsmatli, II^ht-browQ precipitate, BIPbCCK), , Insoluble In HCl. 
CadmlTim. yellow precipitate, Cd,[7e(Clf),], , Boiuble in acids and in ammo- 

□ium hydroxide. 
Cbromiam, no precipitate. 
Cobalt, broTvn-rcd precipitate, Co,[r«(01T),], , insoluble in acids. With amino- 

nium chloride and hydroxide. exccRs of ferricyanide gives a blood-red 

solution, a distinction of cobalt, from nickel, manganese and zinc. 
Copper, a yellow-green precipitate, Cu,i;ra{CN),], , insoluble in HCI . 
Gold, no precipitate. 

Iron, (ferroua), dark Hue precipitate, Fe,[Fe(CN),], , insoluble tn acids. 
Iron (ferric), no precipitate, a darkening of tbe liquid. 
Load, no precipitate, except in concentrated solutions (dark brown). 
Ibnganeaa, brown precipitate. lCn,[rfl(CN),], , insoluble in acids. 
Karcury (mercnrous) , red-brown precipitate, turning white on standing. 
Hercury (mercnrlc), no precipitate- 
Nickel, yellow-green precipitate, m,[Fe(CH),], , insoluble in hydrochloric acid. 

With ammonium chloride and hydroxide, excess of ferricyanide gives a 

copper. red precipitate. 
Silver, a red-brown precipitate, Ag,Fe(CN). . soluble in NH,OH . 
Tin (stannous), white precipitate, Sni[Fe(CN'),]] , soluble in hydrochloric add. 
Tin (atAnnic), no precipitate. 
Uranium (uranotis), no precipitate. 
Zinc, orange precipitate. Zn,[Fe(CN),], , soluble in HCl and in NH.OH. 

li^rri cyan ides, ferric combinations, are capable of octing as oxidizing ageota, 
becoming ferrocyanides, ferrous combinations. 

4K.Pe<CN), ^- 2M.,B = 3K,Fe(CN), + H.Fe(CH). -i- S. 
2K,F«(CN), 4- 2KI = 2K,Fe(CN). -|- I, . 
Nitric acid, or acidulated nitrite, by continued digestion in hot solution, 
cHects a still higher oxidation of ferrlcyanidea. with ttie production, among 
other products, of nllruterrici/anidts or nitr<iprugside» (Piayfair, I'hil. Mag., i84S. 
(3), 26, 197, 271 and 348). These salts arc generally held to have the composi- 
tion represented by the acid H,Fe<NO)(CN), . Sodium nilropnisside is used as 
B reagent tor soluble sulphides — that is, in presence of alkah hydroxides, a 
test for hydrosulphuric aoid; in presence of hydrosuiphuric acid, a test (or 
alkali hydroxides ($207. Gb). 

K,re(CN). is reduced to K.Fe(CN). bv Pd . Th . Mg and As, but not by 
Pb.Hg, Ag.Sb, Sn, Au,Ft. Bi, Cu. Cd. Te, Al. Fe, Co, Hn, Znandln. 
. When a sheet of any metal except An and Pt is placed in contact with a 
solution of K,Fe(CN), and FeCl, , a coating of Prussian blue is soon formed 
(Boettger, J. C, IHTil, 26, 473). 
Pb" with potasKium hydroxide forms PbO, and potassium ferrocyanidc (ffoHi* 

Dictionary, IHHO. 2, 340). 
Sn" with potassium hydroxide forms potaRsium stannate, K,SnO, and potaa- 

sium ferrocyanide (Watts' Dictionaru, I. r.). 
Cr"' forms in alkaline mixture a chromate and a ferrocyanide <BIoxam, C. S„ 

1885, 52, lOU). 
Kn' with potassium hydroxif'e forms HnO^ and potassium ferrocyanide 

(Boudault. J. pr„ 1845, 36, 23), 
Co* and Ni" are not oxidized. 

In alkaline solutions X,re(CN), oxidizes sugar, starch, alcohol, oxalic acid 
and indigo (Wallace. J. C, 1855, 7, 77; Mercer, Fhll. Mag., 1847, (3), SI, 126). 
HNO, and HNO, both form hydronitroferricyanic acid, H,re{HO)(CN), . 
NO tn alkaline solution becomes a nitrate (Wallace, 1. c). 
P in alkaline solution becomes a phosphate (Wallace, I. c). 
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HH,PO, forma H.X^(CN), and H,PO, . 

H,B forma S, then B.SO, and S.re(ON), (Wallace, I.e.). 

BO, forma B,80. BDd H,Ve(Cir), . 

CI decompoaeB (erricyanidee. 

HClOt acts upon K,Ve(ON), , forming potassium aup«rferrie;anide, E,re(ON). 

(Skraup, A., 1S77, 188, 368). 
S forma H,rs(CK), and I . 

Ferricyanldea in Bolutton are detected by the reactiona with ferroua and 
fnrlc salts (1126, 66). Inaoluble componnda are ignited (under a' hood) -with 
a fixed Blkali, giving an alkali cyanide, ferric oxide, and an oxide of the metal 
in combination. Detect the alkali cyanide aa directed (S230, S). A ferri- 
cyanide is eBtimated by reduction to ferrocyHnide with KI In preaence of con- 
centrated HCl; the liberated iodine being titrated with atandard NaiS,0, . 
Or it ie reduced to ferrocyanide bv boiling with ZOH and FaSO, , filterings 
■ddulating with H,SO. and titrating with KKnO. . 



g23S. Cyanic aoid. HCNO = 43.048 . 
H — — C = H. 

The cyanatea of the alkalis and of the fourth-group metala may be made by 
paseing cyanogen gas into the h.ydroxides. The eyanates of the alkalis are 
easily prepared by fusion of the cyanide with some easily reducible oxide. 
C,1I, + 2K0H = KCNO + KCN + H.O 
KCN + PbO = KCNO + Pb 
<ECN + Pls.0. = 4KCNO + 3Pb 
lite free acid may be obtained by heating cyanuric actd, H,C,H,0, . to 
rednesfl, better in an atmoHpherc of CO, . Cyanic acid ie found in the dis- 
tillate. H.C,N,0, = 3HCN0 . 

Absolute cyanic acid, BCNO , ia a colorless liquid, giving off pungent, irri- 
tating vapor, and only preserved at very low tenipi'ratures. It cannot be 
formed by trauHposinj; metallic eyanates with the stronger (leids in the pres- 
ence of water, by which it is changed into carbonic anhydride and ammonia: 
HCNO + H,0 = NH, + CO, , The eyanates, therefore, when treated with 
hydrochloric or sulphuric acid, elfcrvesce with the escape of rarftonic anhydride- 
(distinction from cyanides), the pungent odnr of riinjilr arid 1>eing perceptible: 
2KCN0 -t- 3H,S0.'+ 2H,0 = Z,SO, -|- (HH,),BO. -|- SCO,. The ammonia 
remains in the liquid as ammonium salt, and may be detected by addition of 
potassium hydroxide, with heat. 

The eyanates of the metals of the alkalis and of calcium are aohihle in water: 
most of the others are insoluble or sparingly soluble. All the solutions 
gradually decompose, with evolution of ammonia. HlUrr cyanate is sparingly 
soluble In hot water, readily soluble in ammonia: soluble, with decomposition, 
in dilute nitric acid (distincUon from cyanide). Copper cyanatd is precipitated 
green ish-y ellow . 

Ammonium tyanate in solution changes gradually, or immediately vrhen boiled, 
to Mvta. or carbamide, with which it is isomeric: NB.CNO = CO(NH.), . The 
latter ia recognized by the characteristic crystalline laminae of its nitrate, 
when a few drops of the solution, on glass, are treated with a drop of nitric 
acid- Alao, solution of urea wltl^ solution of mercuric nitrate, forms a white 
precipitate, CH,II',0(HgO), , not turned yellow (decomposed) by solution of 
sodium carbonate (no eKCcss of mercuric nitrate beinR taken). Solution of 
urea, on boiling, ia resolved into ammonium carbonate, which slowly vaporizes: 
CHiXTiO -(- 2H|0 = (NB,),CO, . Cyanates, in the dry way, are reduced by 
strong deoxidizing agents 'ta cyanides. 

For detection of a cyauate In presence of cyanideB, see Schneider, B., 189fi» 
88, 1S40. 
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§234. Thiooyanio acid. HCNS = 59.118. 
H — S — C = H. 

An aqueous Bolutlon of HCKS may be obtained by treating' lead tbiocyansU 
suspended in water with HiS , also by tr^'ating barjum thiocyanate with H,SO, 
in molecuiar proportions. The anhydrous acid is obtained by treating dry 
H^(CNS), with H,S . Potassium thiocyanate ia formed by fusing KCN ivith 
8. Or two parts of K,Fe(CIT)« with one part of sulphur. Also by fusing the 
cyanide or ferrocyanide of potassium with potaBxium thiosulphate, K,S,0,'. 
2ECN + S, = 2KCNS 
K.r«{CN). + 38, = 4KCN8 + Fe(CN8), 
4ECN + 4K,8,0, = 4KCNS + .IKiSO, + K,S 
2K,Fe(CN), + 12E,S,0, = 12KCN8 + 9E,80, + K,S + 27aS 
Thiocyanic acid is quits as frequently called sulphocyanic acid, and its salt* 
«ither thiocyanatea or sulphocyanates. It corresponds to cyanic acid, HCVO, 
oxygen being substituted for sulpliur. 

Absolute thiocyanic acid, HCN8 , is a coloriesB liquid, crystallizing at IS* 
and boiling at H5°. It has a pungent, acetous odor, and reddens litmus. It is 
soluble in water. The absolute acid decomposes quite rapidly at ordinary 
temperatures: the dilute solution slowly: with evolution of carbonic anhydride, 
carbon disulphide. hydrosulphuric acid, hydrocyanic acid, ammonia, and other 
products. 

The same products result, in greater or less degree, from transpORing milubie 
thlocTftnatee with strong acids; Id greater degree as the acid is stronger and 
heat applied; while in dilute cold solution, the most of the thiocyanic acid 
remains undecomposed, giving the acetous odor. The thiocyanales. iiuoluble 
in water, are not all readily transposed. Thiocyanates of metals, whose sul- 
phides are insoluble in certain acids, resist the action of the same acidn. 

The thiocyanates of the metals of the alkalis, alkaline earths: also, those of 
iron (ferrous and ferric), manganese, zinc, cobalt and copper — are soluble in 
water. Mercuric thiocyanate. sparingly soluble: potassium mercuric thiocyanate. 
more soluble. Silver thfocyanate is insoluble In water, insoluble in dilute nitric 
acid, slowly soluble in ammonium hydroxide. 

Solutions of metallic thiocyanates give, with soluble salts of: 
Cobalt, very concentrated, a blue color. Co(CNS), , crystnllizable in blue 
needles, soluble in alcohol, not in carbon disutphide. The coloration is 
promoted by warming, and the test is best made in an evaporating dish. 
In strictly neutral solutions, iron, nickel, zinc and manganese, do not 
interfere. 
Copper, If concentrated, a black crystalline precipitate, Cu(CNS). , soluble In 
thiocyanate. With ■ulphurons acid, a white precipitate, CuCNS; also with 
hydrosulphuric acid (used to separate a. thiocyanate from a chloride) 
(Mann, Z.. 1889, 28, C6H)., 
Iron (ferrous), no precipitate or color. 

Xron (ferric), an intensely blood-red solution of Fe(CNS), , decolored by solu- 
tion of mercuric chloride ({126, 6b, dintiwlion from acttle acUl); decolored 
by phosphoric, arsenic, oxalic and iodic acids, etc., unless with excess of 
ferric salt; decolored by alkalis and by nitric acid, not by dilute hydro- 
chloric acid. On introduction of metallic rinc, it evolves hydrosulphuric 
acid. Ferric thiocyanate is soluble in ether, which extracts traces of it 
from aqueous mixtures, rendering its color much more evident hy the 
concentration in the ether layer. 
Xead, gradually, a yellowish crystalline precipitate. Fb(ClT8), , changed by 

boiling to white basic salt, 
ICercmiy (morcurotu), a white precipitate, HgCNB , reaolved by boiling into 
Hg and Hg(CNS), . The mercuroue thiocyanate, HgCNS , ewells greatly 
on tgnUion (being used in "Pharaoh's serpents"), with evolution of mer- 
cury, nitrogen, tniocyanogeu, cyanogen and sulphur dioxide. 

" " O" 
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3C«rcai7 (mercuric), in solutiAna not very dilute, a whita precipitat«, 
H^(CNB), , somewhat soluble in excess of the thiocyanatea, sparingly 
soluble in water, moderately soluble in alcohol. On ignition, it ewells like 
the mercurouB precipitnte. 
fUtianm. Platinic chloride, gradually added to a hot, concentrated solution 
of potassium thioeyanate, forms a deep-red solution of double thiocyanate of 
potassium and platinum (KCNS),Pt(CNS). , or more properly. K,Pt(CNS),. 
potassium tbioci/anoplatinate. The latter salt gives bright-colored precipi- 
tates with metallic salts. The thiocyanoplatinate of lead <8o formed) ia 
go Id en -colored; that of silver, orange-red, 
SUver, a white precipitate, AgCNS, insoluble in water, insoluble in dilute 
nitric add. slowly soluble in ammonium hydroxid«', readily soluble in excess 
of potassium thiocyanate; blackt'us in the light; solulile in hot concentrated 
H.SO, (separation from AgCl) (Volhard, A.. 1877, 190, 1). 
Certain active oxidizing agents, viz., nnseent chlorine, and nitric ncid contain- 
ing nitrogen oxides, acting in hot, concentrated solution of thiocyanates, pre- 
cipitate iMrthl'tci/ano!/tn, S(CNS), , of a yellow-red to rose-red color, even blue 
Bometiroes. It may be formed in the test for iodine, and mistaken for that 
element, in starch or carbon disulphide. If boiled with solution of potassium 
hydroxide, it forme thiocyanate. 

Concentrated hydrochloric acid, or sulphuric acid, added in excess to water 
solution of thiocyanates, causes the gradual formation of a yellow precipitate, 
perthioci/anic odd. (HCN),S, , slightly soluble in hot water, from which it 
crystallizes in yellow needles. It dissolves in alcohol and in ether. 

i'otassium thiocyanate can be fused in closed vessels, without decomposition; 
but with free access of air, it is resolved into sulphate and cyannte, with 
evolution of sulphurous acid. 

When thiocj'anic acid is oxidized, the final product, as far as the sulphur is 
concerned, is always sulphuric acid or a sulphate. In many cases (in acid mix- 
ture) it has been proven that the cyanogen is evolved as hydrocyanic acid. 
In other cases the same reaction is assumed as probable. 
PbO, and PbjO, form Pb' and sulphuric acid, in acid mixture only (Hardow, 

,/. C. issy, 11, 1-4). 
H,AsO, forms H,AbO, , hydrocyanic and sulphuric acids. 
Co"' forms Co" , hydrocyanic and sulphuric acids. 
Ni'" forms Nl" , hydrocyanic and sulphuric acids. 
Crvi forma Cr"' , hydrocyanic and sulphuric acids. 
Mn."-Fn Jorms Kn' , hydrocyanic and sulphuric acids. In alkaline mixture, a 

cyanate and sulphate are formed (Wurtz'a Diet. Cftim., 3. 95). 
HKO, forms sulphuric acid and nitric oxide. 
HKO, forms sulphuric acid and nitric oxide. 

CI forms nt flrst a red compound of unknown composition, then HCl , H,SOs 
and HON are produced. In alkaline mixture a chloride and sulphate are 
formed. 
HCIO same as with CI . 

BCIO] forms sulphuric, hydrochloric and hydrocyanic acids. 
Br forms HB r an d H,SO,: but with alkalis, a bromide and sulphate. 
HBrO, forms HBr and H,SO, . 
HIO, forms E,SO, and free iodine. 



§285. Kitrogen. K = 14.04 . Valence one to fiTe. 

1. Propertlea.— Weight of molecule. N, , 28.08. Vapor density, 14 (Jolly, W. 
A., 1879, 6, 5.16). At — 1B3.8°, under pressure of 48.1 atmospheres, it condenses 
to a liquid (Sarrau, C. r., tSH2, 94, 71S). Boiling point. —194.+° (Olszewski, TP. A., 
1897, 31, 58). Liquid nitrogen is colorlesis and transparent. The gas is taste- 
leBB, odorless and colorless. Not poisonous, but kills by excluding air from the 
hingH. Does not burn or support combusion. It is very inert, not aftticking 
other free elements. Its simnlest combinations are the following: N— "'H', , 
N,0 , NO , ir,0, . NO, and N:0, . The number of organic compounds contain- 
ing' nitrogen is very large. The nitrogen in all compounds . that are Uie. . 
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Immediate productti o( vcgFtitbie growth haa a valence of minus three and 
may without change of boiidE be converted into N— '"H', . This statemeat it 
made with a limited knowledge of the facts and without, at present, hating 
conclusive proof; and mereiy predicting' that future research will verity it. 

2. Occurrence. — It constitutes about four-fifths of the voiume of the atmov 
phere. It occurs as a nitrate in various salts and in various forms as a con- 
stituent of animal and vegetable g'rowths, 

3. Formation. — (a) From the air, the oxygen bein^ removed by red-hot 
copper, the CO, by potassium hydroxide, the ammonia and water by pas.s1ng 
through H,SO, . (6) IgDition of ammonium dichromate, (irH,|,Cr,0, ='S, + 
Gi^iOt + 4B]0 . (r) By heating ammonium nitrate and peroxide of iiiHiigRiirap 
to about 200° (Gatehouse, C. X., ia77, 35, lib), (d) Ignition of NH,C1 anil 
K,Cr,0,: 2JTH.C1 -f- K,Cr,0, = 2KC1 + N, + Cr,0, + 4H.,0 . Unless the 
temperature be carefully guarded traces of NO are formed, which may be 
removed by passing the gases through FeSO, . (f) Action of chlorine upon 
NH,: bKH, + 3C1, = 6irH.Cl + N, . The NH, must be kept in exceiB to 
avoid the formation of the dangerously evplosive chloride of nitrogen. NCI,. 
(f) Bemoving the oxygen from the air by shaking with NH.OH and copper 
turnings, (g) Burning phosphorus in nir over water. (A) By passing' air 
through a mixture of T^ and sawdust: then through a pyrogallate solution, 
and finally through concentrated H.SO, . (t) By shaking air with T«(OH), 
and Iln(OH), . 0) By passing air throngh an alkaline pyrogallate. (1) By 
passing air, from which CO, has been removed, mixed with hydrogen over 
heated platinum black, the hydrogen having been ndded in just sufficient 
quantity to form water with all the owgcn tl>amoulin, J.. Ifir.i, .181). (I) By 
warming a concentrated solution of NH.NO, or a mixture of KNO, and NH.Cl: 
NH.NO, = N, + 2B,0. Botassium dichromate is ndded to oxidize to nitric 
acid any of the oxides of nitrogen that may be formed (Gibbs, B., 1877, l-lsT). 
(m) By Action of potassium or sodiuni hvpobromite upon ammonium ehloriiie: 
3NaBrO + SNH.Cl = N, 4- SWaBr + 2fi01 + 3H,0 . 

4. Preparation. — Nitrogen has been economically produced by most of the 

, o Sol rMUtloa.— Nitrogen is nearly insoluble in all known liquids. 

0. Jeacdons.— At ordinary temperatures nitrogen is not acted upon by other 
compounds. Nodules growing on the roots of leguminous plants absorb nitro- 
gen nnd build up nitrogenous compounds therewith. 

7. Ignition.— Under electric influence it combines slowly with hydrogen; 
also with B . Cr , Hg , SI and V . 

8. Detection. ^Nitrogen is more easily detected by the nature of.ita com- 
pounds than by the properties of the liberated element. 

i>. EBtimatlon.— (o) As free nitrogen by measuring the volume of the gas. 
(ft) By oxidation of the organic substance with hot concentrated H,SO, , which 
also converts the nitrogen into amuionium sulphate. For details, see work* 
on organic analysis, (r) By decomposition of the organic material with potas- 
sium permanganate In strong alkaline solution, forming ammonia, (a) Bj 
combustion of the organic compound in presence of CuO and On', abmrbiug 
the CO, by KOH and determining the nitrogen by volume. 



§236. Hydronitrio acid (Azoimide). K,H = 43.138 . 

N 

CoDBtitution, 1| ^NH 

N 

Curtius, B., 1B90, 23, 3033. A clear mobile liquid of a penetrating odor, a 
very irritative effect upon the nostrils and the skin, and readily exploding 
with exceeding violence. Boiling point, about 37°. Soluble in water and 
alcohol. -An acid of marked activity, dissolving a number of melsls wilh 
evolution of bydrogen. Its salts, the triuitridea of the roetala of the ^kalis 

" " O" 
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And the alkaline earths, are soluble in water and cryst&llizable (DcDiiis, J. Am. 
Eoe., 1868, SO, ZZS). PataBBium triuitride precipitates frum thorium salts, the 
hydroxide of this metal in quantitative s«-paration from cerium, lanthanum, 
neodymium and praseodymium (Denais, J. Am, Soc, 1896, 18, 947). Hydro- 
nitric acid is formed by treating- ammonia with sodium, and the resultine 
Bodamide. NaXH, . with nitrous oxide: 2NaNE, + N.O = TXtX, + N&OH -f 
VS, (WialicenUB, B., 1HS2, 85, 20S4). 



§237. HitroM oxide. N,0 = 44.08 . 

N',0-", M — O — H. 

Nitrons oxide becomes a colorless liquid at 0° under pressure of thr«e 
atmospheres (Parady, A., 1845, 56, 157). Melts at —99° and boils at —92* 
(W)lls, J. C, 1874, 27. 21). It is n colorless gas with slight sweetish smell and 
taete. Supports combustion. When breathed acts as an anesthetic of short 
duration: and is used in dentistry for that purpose. Decomposed by heat 
completely at 900° into N and O (Meyer, Pvroehemigcb. Vntermtck., 1885). Passed 
over red-hot iron IT and Pa.O, are formed. K and Na bum in nitrous oxide, 
liberating the nitrogen. As n rule both gnsea and solids that burn in air burn 
also in nitrons oxide. It Is formed: {a) By heating ammonium nitrate in a 
retort from 170° to 2fi0°: NH.NO. ^ N.O + 2'H.Ji . (b) By passing NO through 
solution of SO,, (c) By action of HNO,; ap. qr„ 1.12, diluted with an equal 
volume of water, upon metallic zinc, (rf) A mixture of five parts of SnCl, , ten 
parts of HCl, «p. gr., 1.21, and nine parts of HNO, , sp. fir., l.a. is heated to 
boiling: 2HNO, + 4BiiCl, + 8HC1 = 48nCl. + N.O + SH.O (Campari, J. C, 
1889, 55, 569). 



§238. KltriG oxide. NO = 30.04 . 
N-O-", H = . 

1. Prop«rtlM. — The vapor density (lo) shows the molecule to he NO (Dae 
and Meyer. B., 1887. SO, 18:12). Under pressure of one atmosphere it is 
liquifled at — 153.8°, and under 71.2 atmospheres at — n:i.5°, and solidifles at 
— 167° (Olszewski, C. r., 1877, 8B, lUie). Odor and taste unknown, on account of 
its immediate conversion into NO, on exposure to the air. 

2. OccnrreacBL — Not found free in nature. 

3. Formation.. — (a) Reduction of nitric acid by means of ferrous sulphate 
previously acidulated with H,SO. . (h) Action of cold nitric acid, ap. gr., 1.2, 
upon metallic copper; iinless great care be used other oxides of nitrogen are 
produced, (c) SO, is passed into slightly warmed HNO,. «p. gr.. l.l.'i. and 
excess of SO, removed -by passing through water, (d) According to Emich 
(J/.. 1893, 18, 73), a Strictly pure nitric oxide is made by treating mercury 
with a mixture of nitric and sulphuric acids. 

5. SoIubllltlflB.^^oluble in about ten volumes of water and in five volumes 
of nitric acid, »p. gr., 1.3. One hundred volumes of H,80, . ap. gr., 1.B4, and 
1.50, dissolve 3,5 and 1.7 volumes respectively (Lunge, B., 1885. 18. 1391). A 
16 per cent solution of ferrous sulphate dissolves ms times its own volume of 
the gas forming the " brown ring, which is decomposed at 100°. Soluble in 
G8, and in alcohol. 

6. BeactloTU.— When heated in nitric oxide to 450°, Ag , Hg and Al are un- 
changed; filings of Ca , F« , Cd and Zn are superficially oxidized, but lead is 
completely changed to PbO; while if the metals are in an exceedingly fine 
state of division (by reduction of their oxides by hydrogen), Ni at 200° be- 
comes NIO , Pe at 200° forma FsO , Cu at 200° forms Cu,0; the higher oxides of 
these metnls not being thus produced (Sabnlicr and Rendcrens. C. r.. 1892, 114, 
1429). Oxidized to ENO, by KHnO.: KUnO. -|- NO = KnO, -|- ENO, (Wank- 
]yn and Cooper. Phil. Mag.,'lB7S, (5), 6, 288). 
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. Nitroni Hcid. HNO, = 47.048 . 



1. Properties. — Tfitroua acid is known only in Bolution. Made by aHiBf 
1T,0, to water. It has a blue color and, owing: to ite tendency to diBsocialian 
(OHNO, = 2HN0, + ■INO + 2H,0), ie very unatable (Freroy. f. r.. 1870. TO, 61|. 
KitrouB anhydride is obtained when b mixture of one volnme of ojtygen and 
four voIumeB of nitric oxide ore pasBed th ' - ■ ■ — -" - 
It is a deep red gaa. condenEing to a blue 
(Gains, C. A'., 1883, 48, 97). 

2. Occurrence. — Traces of ammoniuni nitrite are found in the air, in rain 
water, river water and in Chili aaltpeter. WUcd found in nature it ia usuatlv 
accompanied by nitrates. 

3. Formation.^By action of nitric acid, «p. gr., 1.35, upon starch or arptnous 
oxide. At 70° nearly pure NjO, is obtained, which passed into cold waier 
forms HITO, . Nitrites of potassium and sodium may be formed liy ignition 
of their nitrates (a prolonged high beat forming- the oxides). Or the alkali 
nitrites may be made by fusing the nitrates with finely divided iron: lead 
nitrite by fusing lead nitrate with metallic lead, and silver nitrite may br 
made from these by precipitation; and from this salt many nitrites may hr 
made nearly pure by transposition; e.g., BaCl, + SAgNO^ ^ Ba(lfO,)i -^ 
SAgCl and then Ba(NO,), + ZnSO. = Zn(NO,). + BaSO. . 

4. Preparation.^ Same as above. 

5. Solubilities. — Silver nitrite is only eparingly soluble (120 parts of coM 
water). The other normal nitrites are soluble; but many basic nitrites are 
insoluble. 

Nascent hydrogen in presence of an alkali reduces nitrates to nitrites; (.1- 
eodium amalgam, aluminum wire in hot KOH . etc. Used in excess the nascent 
hydrogen reduces the nitropen still further, forming NH, . 

6. Beactions. — A.— With metals and their componnds. — Nitrous acid arti 
sometimes as an oxidizer, sometimes as a reducer; in the former case HO is 
u9uaU]i produced (under some conditions N,0 , H and NH, are formed): in the 
latter case nitric acid is the usual product, but sometimes HO, is produced. 

J. PbO, becomes Pb° and nitric acid. 

Z. 3?* becomes Hg" and nitric acid. 

S. Crvi becomes Cr"' and nitric acid. 

^. Co" becomes Co"' and nitric oxide. Excess of KNO, with acetic acid i» 
used to separnte cobalt from nickel (§132, 6c). 

5. Ki'" becomes Ni" and nitric acid. 

e. Kn" + 1 becomes Mn" and nitric acid. 

B. — With non-metalB and their compounds. — 

;. H,Fe(CN), becomes firBt II,Fb(CN), and then hydronitroferricyanic acid, 
fohition of indigo in sulphuric uejd is bleached by nitrites. 

;.'. Nitrites are decomposed by nitric acid. 

3. HH,PO, becomes H,PO, and NO. 

.}. H,S does not displace or transpose alkali nitrites, but if acetic acid be 
added fo liberate the nitrous acid, then 8° and NO are produced. H.SO, b»- 
comes H,SO;*ana chiefly NO . With excess of H,SO. , N,0 or NH, is tonncd- 
See Weber. Pong., 1860, i27, 51:'. and 1867, 130, 277; Fremy, C. r., 1870, 70. ci. 

5. HCIO, becomes 01° and HNO, . 
■■ S. HBrO, becomes Br" and HNO, 

7. HI becomes 1° and NO . 
HIO, bcconies 1' and HNO, . 

7. Ignition.— In gencrni nitrites are changed tg oxides, but with potaE^iim 
and Rodium nitrites a white heat is required, and with nitrites of Ag, Hg. 
Au and Pt the dissjoeintion goes a step further, the free metals being prodi:i'''"- 

8. detection. — (/) Formation of brown ring when a nitrite is acidulated with 
acetic acid. Nitrates require n stronger acid for their transposition. (^1 ■>■ 
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mixture of a nitrite and 'KI liberates iodine on addition of acetic acid (nltratea 
requiring a stronger acid for transposition). {-1) Nitrous acid with iodic acid ' 
liberates iodine, and nitric acid is produced, (i) Solution of potasBium per- 
manganate acidified with sulpliuric add is reduced by nitritfa (distinction from 
nitrates). 

g. Estimation.— Acidify with acetic acid, disUl and titrate the dlstUlate with 
itandard solntlon of permangaoate. 



§240. Nitrofren peroxide (dio:iide). NO, ^46.04. 

Vapor density, 23 (Ramaay, J. C, 1890, 57, S90). Melting point, — 10" 
(Deville and Trooat, C. r., 1867, 64, 257). Boils at 21.64' (Thorpe, J. C, 1880, 
87, 224). Below —10° it is a white cristalline solid. Between —10" and 21.84° 
■ liquid; nearly colcrless at ^9°. yellow at 0°. At 81.64°, orange, growing 
nearly black as the temperature rises. The gas does not support combnstioa 
of ordinary fuels, and is poisonous when inhaled. It dissolves in water, form- 
ing a greenish-blue solution containing nitrous and nitric acids. With an 
■queouB solution of a fixed alkali a nitrate and nitrite are formed: 2N0, -|- 
iXOH = ENO, + KNO, -|- H,0 . 



11. Nitric acid. HHO. : 



mro-\, H— 0— H=0. 

1. froperttM. — Nitric anhydride, ViO, , is a colorless solid, melting at 30° 
with partial dec om posit ion to HO, and 0, and It exposed to direct sunlight 
decomposition begins at lower temperatures. 

Nitric acid, HNO, , has not been perfectly isolated: that containing Oq.S per 
cent of SITO, is a colorless highly corrosive liquid (Itoscoe, A., 1860, 116, 211), 
■olidifies at 47° (Berthelot), boils at 66°, but dissociation begins at a lower 
temperature and is complete at 255°: 4HN'0, = 4N0, + 2H,0 -|- O, (Carius, 
B., 1871, 4, 838). If the very dilute acid be boiled. It becomes stronger, and 
if a very strong acid be boiled it becomes weaker, in both eases a sp. gr. of 
1.42 and boiling point of 120° \a reached; the acid then contains about 70 per 
cent of HHO, (Kolbe, A. Ck., 18G7 (4), 10, 1.16). This is the acid usually 
placed on the market. The rengent usually employed has a 9p. gr. of 1.2 
(Fresenius standard). The so-called fuming' acid has a specific gravity of 1.50 
to 1.58. The stronger acid should be kept in a coot dark place to avoid decom- 

2. Occnrrencfl.—Found in nature as nitrutes of E, Ha, NH, , Ca, Mg, and 
of a few other metals, the most abundant supply coming from Chill and 
Bolivia as sodium nitrate, " Chill Roitpeler," 

3. ronuAtlon.— (a) Oxidation of nitrogenous matter in presence of air, 
moisture and an oxide or alkali; (b) by oxidation of HO, H^O. or HO, by 
oxygen (or air) in presence of moistnre; (c) from HHt , by passing a mixtare 
of HH, and oxygen through red-hot tubes. 

4. Preparation. — By treating nitrates with Bulphuric acid and distilling. 

Nitrates may be made; (a) By dissolving the metal in nitric acid, except 
those whose metals are not attacked by that acid, e. g.. An , Ft , AI and Cr ; 
and also, antimony forms Sb^O, , arsenic, H^AsO^ and with excess of hot 
acid tin forms metastannic acid Ht,S&iO,, . (J) By adding HNO, to the 
oxides, hydroxides or carbonates. All the known nitrates can be made . 
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in this manner, (c) By long continued boiling the chlorides of all ordi- 
nary metals are compk'tely decomposed, no chlorine remaining, except 
the chlorides of Hg , A^ , Ao and Pt , which arc not attacked, and the 
, chlorides of tin and antimony, which are changed to oxides. (Wurtz, 
.4m. 8.. 1858, 75, 371 ; Johnson, Ptoc. Am. Ass. Set., 1894, 163.) 

The anhydride is made: (o) By passing chlorine over silver nitrate; 
4AgirO, + 2CI, = 4^C1 + 2H,0s + 0, . (6) By adding anhydrous P,0, 
to HHOj: 2NH0, + P,0, = 2HP0, + H^O, . 

"). Solnbilitiei. — All normal nitrates are soluble. A few are decom- 
l>iiscd by water, e. g., Bi(H0,)3 + H^O = BiONO, + SHNO, . Most 
nitrates are less poluble in nitric acid than in water, e. g., Cd, Pb,Ba,etc.; 
Ihe barium nitrate being completely insoluble in HHO, , sj- gr., 1.42. 

Xitric acid decomposes the sulphides of all ordinary metals, except 
mercuric sulphide which by long continued boiling with the concentrated 
acid becomes 3HgS.Hg(NOa)2 , insoluble in the acid. 

a. Reactiom. A. — ^With metals and their compounds. — Nitric acid is 
a i>owerful oxidizer but unless warmed acts more slowly than chlorine. 
It can never be a reducer. The following products are formed: E. 
HH, , H.NOH •, H , ir^O , NO , HHOj , NO, . Tf the acid is concentrated, 
in excess and hot, the product is usiinlly entirely nitric oxide, colorless, 
but changing to the red colored NOj by coming in contact with the air. 
Excess of the reducer, low temperatures and dilute solutions favor the 
production of nitrogen coiupoundii having lower valence and of hydrogen. 
Kasccnt hydrogen usually forms JTH-, , always the ultimate product if the 
bydrogen be produced in alkaline mixture. 

Nitric acid oxidizes all ordinary metals. (It does not act upon chro- 
mium, gold or platinum.) It forms nitrates, except in the case of tin, 
antimony, and arsenic, with which it forms H,oSn,0,j , SbjO^ , and H^AsO, . 
"With the respective metals it forms Ti^ or Hg", 8b" or Sn"", As'" or Ai*, 
Sb'" or Sb^, Fe" or Fc'", according to the amount of nitric acid employed. 
With copper it forms cuprie nitrate (never cuprous); with cobalt it forms 
cobaltous nitrate. 

■ tIyiln)X7lamlaa, ItH,OB, ia formed by the reducing action of 8n aod HCI apon NO.N.Ob 

HnOi.Bta.lLoBsen,.^.. 1888. 3a2,]7Dl;B]sobrthi^ action of H,a.HO,.K.lla,X(. Ell, and AlupoD 
HXO,. orb7 tbOBctlanof ll,SuponcertBlDDltntca (Dlveis and Ha«&, C. A'., 1888. SI, 271 1. Dy 
acIliiD of sodium amulirarauiion H.idlumnilrlte Botutlon. NH,OB <« pr>duc('d aloiiff with nltrout 
«ildo, free nltroKon, ammonia, BOdliiro hyponltrltc, and sodium hydroildo, (ha hlghoat yield 0/ 
the by droiylamluo bolng ubCnlnod when the nitrite solution Is na dlluto oa one tn fifty, the mli- 
tup' kept cold jniveni, J. C. 1899, 78, 87 and KB'. It Is abas- wlih an alkaline reaction and » 
atroiiff mlucInK ntcent. When riirc It Is a crystalline aoUd, odorli-ss, meltliiKatSS.Oli'', bolllngil 
£8°at^nim.pri'Siiure; oxidized liy <>vyp;n t>IlNU, (Lobrydo nruyn,B., 180S.S.1. 3, IMlandaH. 
It Is a good nntlacptlo a:id pr. sf-rviit Ivo. It uombioes with acids to form salts : 3f H.OH + HC1= 
KH,OH . HCI. Ilydroxylomlne hydrochloride Is dfcompoaed hy alkalis forming the free bue, 
which Isdcoomiiosi'd by tbe halogens. KMnOt, B,Cr,0„ BaO.and PbO,. ItssolutkolDetber 
Maota witb sodlani fOrminK a white precipitate of r.'H.OXa. 

" " O" 
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1. FbO, is not chsnged. "Bbfi^ is changed thus: Fb,0« + 4EIV0, =d 
PbO, + 2Pb(N0,)j + 2HjO . 
^. Hg' becomes ^^. 

3. Sn" becomes Sn'^. StannoM chloride and hydrMhlorio acid, heated 
vith a nitrate, form stannic chloride, and convert nitric acid to ammonia 
(which Temains as ammonium salt). See §71, 6c, 

4- Sb'" hecomea Sb"', forming Sb^Og , insoluble. 

S. As"' becomes As^, forming H,AsO« . 

8. Ca' becomes Cu". 

7. Fe" becomes Fe'". 

B. — With non-metali and their compoands. 

1. Carbon (ordinarj', not graphite) becomes COj if the nitric acid be 
hot and concentrated. 

H^CjO, becomes CO, , in hot concentrated acid. 

H(re(CB), becomes first H,Pe(CH), and then hydronitroferricyanio acid. 

HCHS is oxidized, the sulphur becoming HjSO, . 

S. Nitrites are all decomposed, nitrates being formed, the nitric acid 
not being reduced. The nitrouc acid liberated immediately dissociates: 
SBJTO. = SKO + HNOj + H,0 . 

S. P°, PH, , WB-JPOj and H,PO, become HjPO, . That is P'-" becomes 
pv 

4. S becomes H^SO, . 

H.S becomes first S" and then H,SOj . 

H]80, becomes H^SO^ ; and in general S^~° becomes S^. 

5. HCl , nitrohydrochloric acid: 2HN0:, + 6HC1 = 2110 + 4HjO + 3C1, 
<Koninek and XihonI, Z. anorg., 1890, 477). Sec §269, 6JB;8. 

HCIO, is not reduced. Chlorates are all transposed but not decom- 
posed until the temperature and degree of concentration is reached that 
would dissociate the HCIO, if the nitric acid were absent. 

6. Br° is not oxidized. HBr becomes Br" and is not further oxidized. 
All bromates are transposed but the EBrO, is not decomposed until a tem- 
perature and degree of concentration is reached that would cause the 
dissociation of the HBrO, if the nitric acid were absent. 

7. 1° becomes HIO,. Very slowly unless the fuming nitric be nsed. 
HI become first 1° ; then as above. 

8. In general organic compounds are oxidized. Straw, hay, cotton, etc., 
arc inflamed by the strong acid {Kraut, B., 1881, 14, 301). For action 
on starch, see Lunge, B., 1878, 11, 1229, 1C41. With many organic bodies 
Bubetitr.tion products are formed, the oxides of nitrogen taking the place 
of the hydrogen. 



T. Ignition.— Nitric acid is disBociatpil bj' heat; 4HII'0, = 4N0, -f sa,0 + 0„ 
" ■ - ■ - ■ tile as Buohi 



complete if at 236° (Cariua, B.. 18T1, 4, S28). No nitrates are volatile ae auchf 
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umnoninm nitrate Is disBOciated: KH,NO, = N,0 + 2H,0. Some nitrates, e.g^ 
those of K and Sk, are ttnt changed to nitrites with eTolution of oxygen only, 
and at an Intenae white heat further changed to oxides with evolution of H,0 
M well SB oxy^n. As a final result of i^itton the nitrates of all ordinary 
metala are left aa oxides, except that those of S.g , Ag , Au and Pt ere reduced 
to the free metal. 

A mixture of potaBslam nitrate and sodium carbonate In a state of fusion 
Ib a powerful oxidizer; e. g., changing- Sn" to Sniv , As"' to A«v , gb"' to Sb' , 
Tb" to To" , Cr" to Crvi , Mnvi-o to Mnvi , svi-n to Svi , ete, 

H«ated on charcoal, or with potassium cyanide, or sugar, sulphur or other 
easily oxidizable substance (as in gunpowder), nitrates are reduced with 
defiagraHon or exp[o«ian, more or less violent. With potassium cyanide, on 
platinum foil, the deflagration is especially vivid. In this reaction free nitrogat 
Is evolved. 

Strongly heated with excess of potassium hydroxide and sugar or other 
carbonaceous compound, in a dry mixture, nitrates are reduced to ammosio, 
which is evolved, and may be detected. In this carbonaceous mixture, the 
nitrogen of nitrates reacts with alkalis, like the unoiidized nitrogen in car- 
bonaceous compounds. 

8. Detection. —Most of the teats for the identifioatioi of nitric acid are 
iDade by its deoxidation, disengaging a lower oxide of nitrogen, or even, 

by complete deoxidation, forming ammonia. (.r"" " "" 

If, with concentrated sulphuric acid, a bit of oopptf turning, or a crystal 
of ferrous sulphate, is added to a concentrated solution or residue of 
nitrate, the mixture gives oiT abundant brown vapors; the colorless nitric 
oxide, NO, which is set free from the mixture, oxidizing immediately in 
the air to nitrogen peroxide, NOj : 

2KN0, + 4H,S0. + 3Cu — K,BO. + 3CuSO. + 4H.0 + 2K0 
8EH0, + 4H,SO. + GVeSO. = K.SO, + 3re,(S0,), + 4H.0 -(- 2M0 

The fkree atoms of oxygen furnished by two molecules of nitrate suffice to 
oxidize three atoms of copper; so that 3CaO with 3H,S0t, may form 
SCaSO^ and SH^O. The same three atoms of oxygen (having six bonds) 
BufBce to oxidize six molecules of ferrous salt into three molecules of 
ferric salt; so that GPeSOj with SH^SO,, can form 3Fej(S0J, and 3H,0. 

Now if, by the last-named reaction, the nitric oxide is disengaged in 
cold solution, with excess of ferrous salt and of sulphuric acid, instead 
of passing off, the nitric oxide combines with the ferrous salt, forming a 
black-brown liquid, (FeSO^jjNO, decomposed by heat and otherwise un- 
stable: 2KNO3 + 4H„S0. + lOPeSO. ^ K„80« + 3Fei{S0.), + 4H,0 + 
2(FeS0,),N0 . 

a. — This exceedingly delicate " Brown ring " test for nitric acid or 
nitrates in solution may be conducted as follows: If the solution of a 
nitrate is mijod with an equal volume of concentrated H,SO, , the mixture 
allowed to cool and a concentrated solution of FeSO, then cautiously.added 
to it, so that the fluids do not mix, the junction shows at first a purple, 
afterwards a brown color (Fresenius, Qual. Anal., 16th ed., 387). A second 
method of obtaining the same brown ring is: Take sulphuric acid to a 
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ijuarter of an inch in depth in the test-tube ; add without shaking a nearly 
equal bulk of a solution of ferrous sulphate, cool; then add slowly of the 
Bolution to be tested for nitric acid, slightly tapping the test-tube on th« 
side but not shaking it. The brown ring forms between the two layers of 
the liquid. A third method often preferred is: Take ferrous sulphate 
solution to half an inch in depth in the test-tube; add two or three drops 
of the liquid under examination and mix thoroughly; incline the test-tube 
and add an eqnal volume of concentrated H^SO, in such a way that it will 
pass to the bottom and form a separate layer. Cool and let it stand a 
few minutes without shaking. 

6. — ^tndi^ solution. — In presence of HCl heat moderately and blue 
color is destroyed. Interfering substances, HClOj , HIO, , HBrO, , F«"', 
Cr", Hn™, and all that convert HCl into CI . 

c. — Sodinm talioylate is added to the solution, H^SO^ is slowly added, 
teat-tube being inclined. Avoid shaking, keep cool for five minutes. A 
jellow ring indicates ENO, . To increase the brilliancy of the color, 
shake, cool and add to HH4OE . 

d. — ^Ammonlnm test. — Treat the solution with EOH and Al wire, warm 
nntil gas is evolved. Pass the gas into water containing a few drops of 
Neseler's reagent. A yellowish-brown precipitate indicates HITO, : 
SHITO, + 8A1 -f 8K0H = 3HH, + 8KA10, -f- HjO . Nothing interferes 
with this test, but action is delayed by C!', V and many other oxidisers, 

e. — Nitrite teat. — Reduce the nitrate to nitrite by warming with Al and 
EOH. At short intervals decant a portion of the solution, add a drop of 
KI , acidify with HC,H.O, and test for 1 with CSj . This test should 
alwaya be made in connection with (d). Other oxidisers including CI', 
Br', I*, and A»^ are reduced before the reduction of the ENO, begins: 
3HN0, +241 + SKOH = aKUO, + 2KA10, + 4H.0 
2S110, + 2EI + 4aC,H,0, = I, + 12C,H.0, + SH,0 + 3N0 

Other means of making the nascent hydrogen are somfetimes preferred; 
«. ^., sodium amalgam, a mixture of Zn and Fe both finely divided and 
■used with excess of hot EOH , or finely divided Hg in presence of HjPO^ , 

f. — Add three drops of the solution to be tested to two drops of 
4iphenylamine, (C,E,)jVH , dissolved in H,SO, . A blue color indicates 
a nitrate, CI", CI', Br', F, Mn'", Cr", Se", and Fe'" interfere with thia 
teet. 

ff. — Sruelna, dissolved in concentrated sulphuric acid, treated (on a porcelain 
■nrface) with even traces of nitrates, gives a fine deep-red color, soon paling to 
reddish-yellow. If now stannous chloride, dilute solution, be added, a. fine red- 
▼iolet color appears. (Chloric acid gives the same reaction.) 

ft- — Phenol, CgHiOH , gives a deep red-brown color with nitric acid, by for- 
mation of nitrophenol (mono, di or tri), C,H.(KO,)OH to C.H,(NO,),OH . 
"picric acid" or nitrophenic acid. A mixture of oue part of phenol (cryst. 
^Ai-bolic acid), four parts of strong sulphuric acid, and two parts of watST,| . 
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•onatittiteH a reagent for a very delicate teat for nitrates (or nitritee), a ffw 
drops being sufficient. With unmixed nitrates the action is explosive. uniei>a 
upon Terj small quantities. The addition of potasEium hydroxide deepeas and 
biiffhtene the color. According to Sprengel {J. C, 1SB3, 16, 396), the some- 
what similar color given by compounds of chlorine, bromine, iodine and bj 
organic matter may be removed by adding ammonium hydroxide without 
diminishing the brightness of the color formed by the nitrates, 

1.— According to Lindo (C. A'.. IBSa, 68. ITli), reaorcinal is five times mora 
delicate a test than phenol. Ten grammes of resorcinol are dissolved in lou cc. 
of water; one drop of this solution with one drop of a 15 per cent solulit.n of 
HCl and two drops of concentrated HiSO. are added to 0.5 cc. of the nitrate 
to be tested. Nitrous acid gives the same purple color, 

f, — A little pyrogallol is dissolved in the liquid to be tested (less than one 
mg. to one cc.) and ten drops of concentrated H,80. arc dropped down the 
side of the teat tube bo aa to form two layers; at the surface of contiict n 
brown or yellow coloration appears if nitric acid la present. One mg. of 
nitric acid in one litre of potable woter can thus be detected (Curtman. Arch. 
Pharm., 1886, 223, 711). 

9. lSrtlm*tloii.— (o) If the base is one capable of readily forming a silicate, 
the nitrate is fused with StO, and estimated by the difference in weight. (l| ».v 
treating with hot aulphuric acid, paKsing the distillate into BaCO, and esti- 
mating the nitric acid by the amount of barium diKsoIved. (c) Treating with 
ja and KOH and estimating the distillate as XTH., . (rf) Neutrn1i7:ing the free 
acid with ammonium hydroxide, end after evnporation and drying at 115% 
weighing as ammonium nitrate, (e) In presence of free H,SO, a ferrous solu- 
tion of known strength is added in e:icesa to the nitrate and the amount of 
ferrous salt remaining is determined by a standard solution of potaasium 
permanganate, (f) The volume of hydrogen generated by the action of potas- 
sium hydroxide upon a known quantity of aluminum is meaHured; and the 
test Is then repeated under the same conditions, but in presence of the nitrate. 
The difference in the volume of the hydrogen obtained represents the quantity 
of TSnSLx that has been formed. 



§242. Oxyc^en. = 16.000. TTBual valence two. 

1. Prop«rtiM.— A colorleaa, odorless gas; sprciftc grariiy. 1.105G2 (Crafts, C. r., 
1888, 106, 1662). When heated it diffuses through silver tubing quite rapidly 
(Traost, C. r., 1884, 88, 1437). It liquifies by cooling the gas under great pres- 
sure and then suddenly allowing it to expand under reduced pressure. It boll* 
at ^113° under 50 atmospheres pressure; and at — 184° under one atmosphere 
presBore (Wroblewski, C. r., 1884, 98, 304 and B82). Its critical temperature is 
about —118°, and the ciHtical pressure 50 atmospheres. Specific graciiy of the 
liquid at —181.4°, 1.334 (Oiezewaki, Jf., 1887, 8, 73). Oxygen is sparingly soluble 
in water with a slight increase in the volume (Winkler, B., 188S, 22, 1764). 
Slightly soluble (n alcohol (Carina, A., 1SJ5, 94, 134). Molten silver absorbs 
about ten volumes of oxygen, giving it up upon cooling (blossoming of silver 
beads) (Levol, C. r., 1852, 36, f.3). It transmits sound better than air (Bender, 
B., 1873, 6, 6G5). It is not combustible, but supports combustion much better 
than air. In an atmosphtre of oxvgen, a glowing splinter bursts into a flame: 
phosphorus burns with vivid incandescence; also an iron watch spring bentod 
with burninR- Kulplmr. It is the most nefrativc of all the elements except 
fluorine; it combines directlv or indirectly with nil the elements except fluorine; 
With the alkali mctnls rapidly at ordin.iry tem])crnture. The combination of 
ox.vj'cn with elements or cotnpoiindR is termed conihuBtion or oxidation. The 
tenipprntnre iit which the cnmhinntion tnkes plnec tnriea greatly: Phosphorus 
at r.0°; liydroffen in ;iir nt S.':;": in pure oxvgen at 530° (Mallard and Le Chate- 
licr, ni., IRSi;!, (2), 39, 2); carbon disnlpliide nt 140°: carbon at a red heat; 
*hile Ihc halofjcns do not eomliine bj- heat alone. 

3. Occurrence.— The rocks, clay and sand eonstituling the main part of the 
•arth's cmst contain from 44 lo 4S per cent of oxj'gen: and as water contain* 
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88.81 per cent, it has been estimated that one-half of the crust is oxyg-en. 
Except in atmospheric air, which coDtalUB about in per cent of uncombiaed 
oxygen, it is always found combined. 

3. roimatlon.— (a) By igniting HgO . (6) By heating XCIO, to 350°, KCIO, 
is produced and oxygen in evolved; at a higher temperature the KClOi become* 
KCl . In the presence of KnO. the EClO, is completely changed to KCl at 
200°, without forming KCIO^ , the KdO, not being changred. Spongy platinum, 
CuO , Fe,0, , PbO, , etc., may be substituted for HnO, (Mills and Donald, J. C, 
1SB2, 41, IS; Baudrimont, Am. 8., 1ST3, 103, 3T0). Spongy platinum, ruthenium, 
rhodium and indium with chlorine water or with hydrogen peroxide evolve 
oxygen. The spongy ruthenium acts most energetically (Schoenbein, A. Cfl., 
1866, (4), 7, 103). (c) Action of heat on similar salts furnishea oxygen; e.g., 
KCIO and ECIO, form ECI , KBrO, forms EBr , EIO, and KIO, form KI . 
and KlfO, forms ENO, (at a white heat E,0 , NO and O are formed), (d) By 
the action of heat on metallic oxides as shown in the equations below, (e) By 
heating higher oxides or their salts with sulphuric acid. CrVi is ctaauged to 
Cr"' , Co'" to Co" , Hi'" to Ni" , Biv to Bi'" , TeVi to To" , Pbn? to Pb^, and 
Hd''+ii to Kn"; in each case a sulphate is formed and oxygen given off: 
O. ZHgO (at 500°) = 2Hg + 0, 
6, lOKClO. (at 350°) = CKCIO. + -IKCI + 30, (Teed, J. C, 1887, 61. 283) 

2KC10. (at red heat) = 2K01 + : O, 

2KC10, + nKnO, (at 200°) = nKnO, + 2K01 + 30, / 
e. KCIO, = KCl + 0. 

SKBrO, = 2KSr + 30, 

2KI0, = 3KI + 30, 

KIO. = KI + 20, 

2KN0, = 3KN0, + O, 

4KK0, (white heat) =: 2K,0 + 4N0 + 0, 

d. ZPb.O« (white heat) = GPbO + O, 
2Bb,0, (red heat) = 28b,0. + 0, 
31,0, (red heat) =BI,0, + O, 
^CrO, (about 200°) = 2Cr,0, + 30, 
4K,0r,0, (red heat) = 2Cr,0, + 4K,0r0. + 30, 
6Pe,0, (white heat) = 4Ee,0. + O, 

3MnO, (white heat) = Mn.O. + O, 
6Co,0, (dull-red heat) = 4Co,0, -|- O, 
21H,0. (dull-red heat) = 4N10 + 0, 
2Ag,0 (300°) = 4Ag + O, 
2BaO, (800°) = 2BaO + 0, 

e. 2K,Cr,0, + 8H,S0. = 4KCr(S0,), + 30, + 8H,0 
<jataOt + 6H,S0. = 2E,&0, + 4MnS0. + 50, + 6B,0 
2Pb,0. + GH,SO. = 6PbS0. + 6H,0 + O, 

4. Preparation,— (a) By hcatiufr KCIO, to 200° in closed retorts in the pres- 
ence of MnO, or FejO. - It KCIO, be heated alone, higher heat (350°) is 
required, and the gas is given ofF with explosive violence. About equal parts 
of the metallic oxiile and ECIO, should be taken, (b) BaO heated in the air 
to s:o° becomes BaO,, and at t^00° is dccomposfd inlo BaO and 0, niiilfing 
thoorelically a cht'iip proccKs. (<) I!v hiMtinff (.'aleiuni pliimliatc. Thp eak-iiiui 
pitimiiate is rcKeneraled bv heatinfr in the air (Kiip^iier, J. r.. isoi, 68, ii, S;'). 
((0 l;v pnssin!,' Ktilphuric acid ovir reel-hot bricks: 2n:B0. =: ;;S0, + 211.0 + O : 
the SO- is separated bv water, iii.ci nftcr coivertion into H,S0. (SSCO. -:) is 
wscd over aRain. (r) By warmir;)? a Kiiturated Bolution of chloride of liiix' with 
a fmall amount of eobaltic onIcIp, freshly prepared and moisf. The ocibaJliL- 
o\-ide seemB to plnv the same role as KG in making- H-,50, (Fleitmann. A. Cli.. 
m..;. (J), 6. 507). \n The following cheap proee-s is r.w employed nn a Jarfir. 
tcalc. Steam is passed over sodium manganate at n dull-red I'lal; KHjO, and 
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oxygen are formed. Then, without change ol apparatus or temperature, a(r 
instead of steam la passed over the mixture of ]iii,0, and NaOH . The ]bi,Oa 
is thus ag-ain oxidized to Na,lIiiO, , and Irce uitrugen is liberated: 
-:Na,lCiiO, + 4a,0 (dull-red heat) = SNaOH + 21ta,0, -f 20, 
SNaOH + SMii,0. + air, :.(0, + -iN.) = 4Ha,lIjiO, + -iH.O + 12N, 

5. SolubiUtlea.— See 1. 

6. Heactlons. — Pure oxygon may be breathed for a short time without injury. 
A rabbit placed In pure oxygen at 24° lived for three weeks, eating voraciouHly 
all the time, but nevertheless becoming thin. The action of oxygen at 7.2* i« 
to produce narcoliKm and eventually death. When oxygen is cooled by » 
freezing mixture it induces so inteuEe a narcotism that operations may be 
pertorini!d uud^r its influence. Compressed oxygen is " the most fearful poison 
known." The pure gas Ht n pressure of 3.9 atmospheres, or air at a pressure 
of 32 atmospheres, produces violent convulsions, simulating those of strychnia 
poisoning, ultimately causing death. The arterial blood In these cases is found 
to contain about twice the quantity of its normal oxygen. Further, compressed 
oxygen stops fermentation, and permanently destroys the power of yeast. 

At varying temperatures oxygen combines directly with all metals except 
silver, gold and platinum, and with these !t may be made to combine by pre- 
cipitation. It combines with all non-metals except fluorine: the combination 
occurring directly, at high temperatures, except with CI , Br and X , which 
require the intervention of a. third body. 

T. ZgTtlUon. — Moat elements when ignited with oxygen combine readily. 
Borne lower oxides combine with oxygen to form higher oxides, and certain 
other oxides evolve oxygen, forming elements or lower oxides. Oxides of gold, 
platinum and silver cannot be formed by igniting the metals In oxygen; they 
must be formed by precipitation. 

8. SBtectioii.^Un combined oxj-gen is detected by its absorption by an alka- 
line solution of pyrogailol; by the coitifaination with indigo white to form 
Indigo blue: by its combinn'.lon with colorless NO to form the brown NO,; by 
its combination with phosphorus, etc. It is separated from other gases by 
its absorption by a solution of chromous chloride, pyrogallol or by phosphorua. 
In combination in certain compounds it is liberated In whole or in part by 
simple ignition; as with ZCIO, , KMnO. , HgO , An,0, , PtO. , Ag,0 , Sb.O. , 
etc. In other combinations by ignition with hydrogen, forming water. 

9. Estimation. — Free oxygen is usually estimated by bringing the gases In 
contact with phosphorus or with an alkaline solution of pyrogallol (CO, havinjf 
been previously removed), and noting the dimunition in volume. Oxygen in 
combination la usually estimated by difference. 
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Ozone was first noticed by Van Marum in ITRo as a peculiar smelling gas 
formed during the electric discharge; and which destroyed the lustre of 
mercury. Schoenbein {Fogg., 1H40, EtO. 016) named the gas ozone and noticed 
its powerful oxidizing pi-opertles. It is said to be an ever-present constituent 
of the air, giving to the sky its blue color; present much more in the country 
and near the seashore thnn in the air of cities (Hartley, J. C, 1SS1. 39, 57 and 
111; Kouzenu, C. r., 1^72, 74. 712). Ozone is always mixed with ordinary oxygen, 
partly due to dtsKociation of the ozone molecule, which is stable only at low 
temperatures (Hautefeuille and Chappuis. C. r., I8S0, 01, 522 and 815). It la 
prepiired by the action of the electric discharge upon oxygen (Bichat and 
Guntz, C. r., IHWS, 107, 3*4; Wills. B., 187.'!, 6. 769). By the oxidation of moist 
phoaphorus at ordinary temperature (Leeds, A., 1879, 198, 30; Marignac, C. r, 
1845, 20, 808). By electrolysis of dilute sulphuric acid, using lead electrode* 
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(Planti. C. r., 1966. 63, 181). By the action of concentrated sulphuric acid on 
potassium permanganate (Schoenbein, J. pr., 1863, 86, 70 and 377). Manj 
readily oxidized organic substsnces form some ozone in the process of oxida- 
tion (Belluci, B., 1879, 12, 1699). Ozone is a gaa, the blue color of which can 
he plainly noticed in tubes one metre long. Its odor reminds one somewhat 
of chlorine and nitrogen peroxide, noticeable in one part in 500,000. It acta 
upon the respiratory organs, making' breathing difncult. When somewhat 
concentrated it attacks the mucous membrane. It caused death to small 
animals which have been made to breathe it. For further concerning the 
physiological action, see Binz, C. C, 1873, 72. Its Specific ffrai-ity is 1.C5M (Soret, 
A.. 1866, 138, 4). It has been liquified to a deep-blue liquid, boiling at —106' 
(Olszewski, if., 1887, 8, 3.^0). The gas is sparingly soluble in water (Carius, B., 
1873, 6, 806). It decomposes somewhat into inactive oxygen at ordinary tem- 
perature, and completely when heated above 300°, with increnae of volume. 
A number of substances decompose ozone without themselves being changed; 
t. S; platinum black, platinum sponge, oxides of gold, silver, iron and copper, 
peroxides of lead and manganese, potassium hydroxide, etc. It is one of the 
most active oxidizing agents known, the presence of water being necessary. 
When ozone acts as an oxidizing agent there is no change in volume: but one- 
third of the oxygen entering into the reaction, inactive oxygen remaining. 

Moist ozone oxidizes all metals except gold and platinum to the highest poa- 
■Ible oxides. 

Pb" becomes PbO, 

Sn" becomes SnO, 

Hg' becomes Hg^ 

Bi'" becomes Bi,0, 

Pd" becomes PdO, 

Cr"' becomes Crvi 

Fe* becomes FejO,; i 

Mn" becomes BEnO,; 

Co" becomes Co'" . 

Ni" becomes Ni'" . With the salts of nickel and cobalt tha action Is slow, 
rapid with the moist hydroifides. 

X,Pe(CN), becomes K,Fe(CN), 

11,0, becomes HNO, , in absence of water NO, is formed 

80, becomes H,SO, 

H,S becomes S and H|0 , the sulphur is then oxidized to H,80( (Pollaccf, 
O. C, 1S84. 484) 

P and PH. become H,PO. 

HCI becomes CI and H,0 

HBr becomes Br and H,0 

I becomes HIO, and HIO, (Ogfer, C. p.. 1878. 86. 722) 

HI and HI become I and H,0 , then iv 

Moat organic substancea are decomposed; Indigo is bleached much more 
rapidly than by chlorine (Houzeau. G. r.. 1873, 75, 349). 

Alcohol and ether ere rapid)y oxidized to aldehyde and acetic acid. 

Ozone is usually detected by the liberation of Iodine from potassium iodide, 
potassium iodide starch paper being used. Because HNO, and many other 
substances give the same reaction, thallium hydroxide paper is preferred by 
Schoene (B., 1880. 13, 1508). The paper is colored brown, but the reaction is 
much less delicate than with potassium iodide starch paper. It is estiraated 
quantitatively by passing the gas through n solution of El rendered acid with 
H,SO, , and titration of the liberated iodine: 0, -f- SHI = 0, -j- I, + H,0 . 



§244. Hydrogen peroxide. H,0„ = 34.016. 
H — — — H 

1. Propertlaa. — Pure hydrogen peroxide (99.1 per cent) is a colorless syrupy 
liquid, boiling at 84° to 86° at 68 mm. pressure. It does not readily moisten 
the containing vesBel. It is volatile in the air, irritating to the skin, and 
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reacts stronglj acid to litmus. The ordinary 'three per cent nolutlon can be 
evaporated on the water batb until ft contains about 60 per cent H,0, , losing 
about one-half by Tolatilization. The presence of impurities caUBes its decom- 
position with explosive violence. Before final concentration nnder reduced 
pressure it should be extracted with ether (WollTen stein, B,, 1894, S7, 3307). 
The dilute solutions are valuable in surj^ery in oxidizing putrid flesh of wounds, 
etc.; they are quite stable and may be preserved a long time especially if acid 
(Eanriott, C. r., 1885, ICX), 57). The presence of alkalis decreases the stability. 
Concentrated solutions evolve oxygen at 20°, and frequently evplode wbeo 
heated to nearly 100°. It contains the most oxygen of any known compound; 
one-half of the oxygen being available, the other half combining with the 
hydrogen to form water. 

2. Oconrrenoe,— In rain water and in snow (Honzenu, C. r., 1870, 70, 519). 
It is aiso sniii to occur in the juices of certain plants. 

3. Porm«tloii.~(o) By the electrolysis of 70 per cent H,SO, (Richarz, W. A.. 
1887, 31, 813). (6) By the action of ozone upon ether and water (Berthelol, 
C. r., 1878, 86, 71). (c) By the action of ozone upon dilute animoniura hydroxide 
(Carius, B., 1874, 7, 1481). (d) By the decomposition of various peroxides with 
acids, (e) By the action of oxygen and water on palladium sponge saturated 
with hydrogen (Traube, B., 1883, 18, 1301). (0 By the action of moist nir on 
phosphorus partly immersed in water (Kingzett, J. C ISSO, 38, 3). 

4. Preparation.— BaO, is decomposed by dilute H,SO. . the BaSO, being 
removed by filtration. The BaOj is obtained by heating EaO in air or oxygen 
to low redness. At a higher heat the BaO, is decomposed into BaO and 
(Thomsen, B., 1874, 7, 73). Sodium peroxide, ira,0, , is formed by heating 
sodium in air or oxygen (Harcourt, /. C, 1962, 14, 267); by adding H,0, to 
NaOH solution and precipitating with alcohol. Prepared by the latter method 
it contains water. 

5. Solubilitlea It is soluble In water in all proportions; alno in alcohol. 

which solvent it slowly attacks. BaO, Is Insoluble in water, decomposed by 
acids, including CO, and H.SIP, with formation of H,0, . Na,0, Is soluble In 
water with generation of much heat. It is a powerful oxidizing agent. 

6. Beaotions. A. — ^Witt metala and their oomponiid*. — Hydrogen, 
peroxide usnally acts as a powerful oxidizing agent to the extent of one- 
half its oxygen. Under certain conditions, however, it acts a3 a strong 
reducing agent. Some substances decompose it into H,0 and without 
changing the substance employed, e. g., gold, silver, platinum, manganese 
dioxide, charcoal, etc. (Kwasuik, B., 1892, 25, 67). Many metals are 
oxidized to the highest oxides, e. jr., Al , Fe , M^ , Tl , As , etc. Gold and 
platinum are not attacked. 

1. Pb" becomes PbOj (Schoenbein, J. pr., 1863, 86, 139 ; Jannasch and 
Lesinpky, B., 18113, 26, 3334). 

2. AgjO becomes Ag and . 
S. HgO bocomcK Hg and . 

4. AUmO., bceomes Au and . 

5. As'" bnciiiiics As^. 
G. Sn" brciiiiics Sn"'. 

7. Bi'" beconips Bi^. 

8. Cu" in alkaline fohition (Fehllng's solution) bwomcs Cu-.0 (Hanriott, 
Bl., ISSG. (?>, 46, 4(!S). 

9. Fe" bcfomcH Fe'" (Traube, B., 18S4, 17, IOCS). 

10. Tl' becomes Tl.O, {Srhocne, A., 187-), 193, t)S). -■- ■ 
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11. Cr"' becomes Cr'' in alkaline mixture (Lenssen, J. pr., 1860, 81, 
878). 

1£. Cr'' with H^SO^ gives a blue color, HCrO« , perchromic add, soon, 
changing to green by reduction to Cr'". By passing the air or vapor 
through a chromic acid eolution, ozone is separated from hydrogen perox- 
ide, the latter being decomposed (Engler and Wild, B., 1836, 29, 1940). 

15. Mn" in alkaline mixture becomes UnO, . In presence of KCH a 
separation from Zn (Jannasch and Niederhofheim, B., 1891, 24, 3945; 
Jannasch, Z. anorg., 1896, 12, 124 and 134). 

K^x+o iirith H28O4 forms HnSO, , oxygen being evolved both from the 
HjO, and from the Kn componnd (Brodle, J. C, 1855, 7, 304; Lunge, 
Z. angew., 1890, 6). 

J^. BaO , SrO , and CaO become the peroxides. 

IB. HaOH becomes JtAjO^.Q'B.fi . 

16. HH^OH becomes NH.NO, (Weith and Webber, B., 1874, 7, 17 and 
46). 

B. — ^With non-metala and their oompeundB. 

J. K,Fe(CN), becomes K,Fb{CN), {Weltzien, A., 1866, 138, 139); in 
alkaline solution the reverse action takes place: 2'E.^t{Q'S), -{- 2K0H -|- 
HjO, = SK,Pe(CK), + 2HjO + 0, (Baumann, Z. angew., 1892, 113). 

£. 0, becomes 0^ (Sehoene, I. c, page 239). 

5. HaFOf becomes HiPO« . 

4. H^S and sulphides, and SO, and sulphites, become H^SOf or sulphates 
(Classen and Bauer, B., 1883, 16, 1061). 

6. CI becomes HCl (Sehoene, I. c, page 364). It is a valuable reagent 
for the estimation of chloride of lime: CaOCl, + H,Oj = CaCl, + H,0 -|- 
Oa (Longe, Z. angew., 1890, 6). 

e. I becomes HI (Baumann, Z. angew., 1891, 203 and 338). ECl , KBr , 
and KI liberate oxygen from H,0, but no halogen is set free; except that 
with commercial H^Oj free iodine may always be obtained from EI 
(Sehoene, A., 1879, 196, 228; Kingzett, J. C, 1880, 37, 805). 

7. IngttioiL— The peroxide of barium is formed by igniting BaO to dull red- 
ness: strong" ignition causes decomposition of the B&O, into BaO and O . The 
peroxide of calcium cannot be formed by ignition of lime in air or oxygen. 

8. detection. — In a dilute solution of tincture of guaiac mixed with malt 
infusion, Bi blue color is obtained when H,0, is added. To tbe solution sup- 
posed to contain H,0, add a few drops of lead acetate; then KI , starch, and a 
little acetic acid; with H:,0, a blue color is proiliieed (Schoenbcin, 1. <:: Struve, 
Z., 1869, 8, 374). As confirmatory, its action on KUnO, and on K,Cr,0, should 
bo observed. A ten per cent solution of ammonium molybdnte with equal 
parts of concentrated sulphuric acid (jives o, characteristic deep jellow color 
with H,0, (Deniges, C. 1:. isao, 110, 1007; Crismcr, Bl., ISDl, {:j), 6, 22). H,0, 
(fives some extremely delicate color tests with the aniline bases (llosvay, B., 
1895, 28, aoas; Deniges, J. /"fl arm., 1892, (5), 25, S91). 

9. Estimation. — (o) By measuring the amount of oxygen liberated with XEuO, 
(Hanriott, 3t., 1885, (2), 43, 468). (6) By the amount of standard KM^OQ, 
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reduced, or by meaaiirlng' the volume of ONy^en set, free; ZZ^nO, + rH,BO, -'- 
SH,0, = H,SO, + SKnSO, + 8H,0 + ^O, . {c) By decum posit ion of EI in 
preseoce of an excesH of dilute H,80,; and titration of the liberated iodine vritli 
standard Na,S,0, . (d) IMssolve a weighed sample of BaO, in dilute ftCl , add 
K,re(Crtr),: transfer to an axotometer and add KOH . The volume of oxygna 
e of the amount of H,Oi (Baumann. I. c). 



§246. Fluorine. F = 19.05 . Valence one. 

Since Davy's experiments in 1813, many others have attempted the isolaUon 
of fluorine. In bis zeal the unfortunate Louyet fell a victim to the poisonous 
fumes which he inhaled. Faraday, Gore, Fremy, and others took up the prob- 
lem in BUcceasion, but it was not ultimately solved until H. Moissan, in 1886, 
produced a gas which the chemical section of the French Academy of Science* 
decided to be fluorine. Many ingenious experiments had been made in order 
to obtain fluorine in a separate state, but it was found that it invariably 
combined with eome portion of the material of the vesael in which the opera- 
tion was conducted. The most successful of the early attempts to isolate 
fluorine appears to have been made, at the suggestion of Davy, in a vessel of 
fluor-spar itself, which could jiot, of course, be supposed to be in any way 
affected by it, Moissan's method was as foHowsL Tlie hydrofluoric acid baring 
been very carefully obtained pure, a Iktle potassium hjdrofluoride was dis- 
solved in it to improve its conducting power, and it was subjected to the action 
of the electric current in a U tube of platinum, down the limba of which th* 
electrodes were inserted; the negative electrode was a rod of platinuin, and 
the positive was made of an alio; of platinum with ID per cent of iridium. Tha 
U tube was provided with stoppers of fluor-spar, and platinum delivery tut>ea 
for the gases, and was cooled to ^33°. The gaseous fluorine, which was esiri- 
cated at the positive electrode, was colorless, and ponaessed the propertiea of 
chlorine, but much more strongly marked. It decomposed water immediately, 
seizing upon its hydrogen, and liberating oxygen in the ozonized condition; it 
«xploded with hydrogen, even in the daric, and combined, with combustion, 
-with most metals and non-metals, even with boron and silicon in their crystal- 
lized modiftcations. Ab, Sb , S, I, alcohol, ether, benzol and petroleum took 
fire in the pas. Carbon was not attacked by it (MoiBsan, 1S86, C. r., 103, tO» 
and 256; J. C, 50, 1886, 8-IB and 976; A. Ch., 1891, (G), 84, 234). 

Fluorine, in several characteristics, appears as the first member of th« 
Chlorine Series of Elements. It cannot be preserved in the elementiil stat^ 
as it combines with the materials pt vessels (except fluor-spar), and instantly 
decomposes water, farming hydrofluoric acid, WW , an acid prepared by acting- 
on calcium fluoride with sulphuric acid (c). Fluorine also combines with 
eilicon as SIF, , silicoii fluoride, a gaseous compound, prepared by acting- on 
calcium fluoride and silicic anhydride with sulphuric acid (6). On passing 
silicon fluoride into water, a part of it is transposed by the water, forming 
silicic and hydrofluoric acids (c); but this hydrofluoric acid does not at aQ 
remain free, but combines with the other TOirt of the fluoride of silicon, »■ 
flnosilicic acid (liydrofluogiUdc acid), (EP),SiX'. or H,SiP. (d) (Offermann, 
Z. angew., 1890, 617). This acid is used as a reapent: forming metallic Hno- 
«llicatea (flilicofluorides), soluble and insoluble (§246). 
a. Car, -!- H,SO, = CaSO. + 2HF 
6. 3CaF, -I- SIO, -I- 2H,SO. = 2CaS0. -|- 2H,0 + SIP. 

c. Sir. -I- 3H,0 = 810, -I- 4HF (not remaining free) 

d. 2HP + SIF, = H,SiP, 

eandil. 3S1P* -|- 2H,0 = 810. + 2H,SiP, 
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§346. Hydroflaoric acid. HF = 20.058 . 
HT-', H~P. 

A coIorleBH, intensely corroaive gas, BOluble in water to a liquid that reddens 
HtmuB, rapidly corrodes ([lass, porcelain, and the metals, except platinum and 
fold (lead but slightly). Both the solution and its vapor act on the flesh as 
an insidious and virulent cauatic, giving little warning, and causing obstinate 
ulcers. The anhydrous acid at 25° haa a vapor density of 20, indicating that 
the molecule at this temperature is M,V, . But at 100° it is only 10, indicating 
that at that temperature the molecule is HIT . The anhydrous liquid acid - 
boils at 19.44° and does not solidify at —34.5°. 

The fluorides of the alkali metals are freely soluble in water, the solutions 
alkaline to litmus and slightly corrosive to glass; the fluorides of the alkoline 
earth metals are insoluble in vfater; of copper, lead, zinc and ferricum, spar- 
ingly soluble; of silver and mercury readily soluble. Pluorides are Identified 
by the action of the acid upon glass. 

Oalcium chlorida solution forms, in solution of fluorides or of hydrofluoric 
acid, a gelatinous and transparent precipitate of calciunt fluoride, CaF, , slightly 
soluble in cold hydrochloric or nitric acid and in ammonium chloride solution. 
Barlom chloride precipitates, from free hydrofluoric acid less perfectly than 
from fluorides, the voluTninous, white, barium fluoride, BaP, . Silver nitrate 
gives no precipitate. 

Bulphuric acid transposes fluorides, farming hydrofluorle acid. BF (S245, a). 
The gas Is distinguished from other substances by etching hard ylans — previously 
prepared by coating imperviously with (melted) wax, and writing through the 
coat. The operation may be conducted in a small leaden tr'ay, or cup formed 
of sheet lead; the pulverized fluoride being mixed with sulphuric acid to the 

If the fluoride be mixed with silicic actd, we have, instead of hydrofluoric 
ncid, tillcon flvorlde. SIP, (S24S, b) : a gas which does not attack glnss. but when 
passed Into water produces fluosilicic acid. H,S1F, (SiS45, c and d). See below. 

Also, heated with acid sulphate of potassium, in the dry way, fluorides dis- 
engage hydrofluoric acid. If this operation be performed in a Kmall test-tube, 
the surface of the glass above the material is corroded iind roughened: CaT, + 
SKHSO. == OaSO, + K,SO, + ZSF . By heating a mixture of borax, acid 
sulphate of potassium, and a fluoride, fused to a bead on the loop of platinum 
wire, in the clear Same of the Bunsen gas-lamp, an evanescent pellouHsh-grefa 
color Is imparted to the flame. 



§247. PluoBiUcio aoid. H,SiF,= 144.716. 

nuosilteli: acid* (livdrofluosillele acid), (HF),Sir, , or H,StF, , is soluble in 
frater and forms metallic fluosilicatee (gilieofliiiirldtg), mostly soluble in water; 
those of barium (3186, 6i), sodium and potassium, being only slightly soluble 
in water, and made quite insoluble by addition of alcohol. 

Potassium fluosilicate is precipitated translucent and gelatinous. Ammonium 
hydroxide precipitates silicic acid with formation of nmmonlum fluoride. With 
concentrated sulphuric acid, they disengage h.vdrofluoric acid. HP. By heat, 
they are TeBolved into fluorides and silicon fluoride: BaSir, ^= BaP, + SiZ'i . 

ictd la directed to Im preimredby talclnsonennrtcacliof fl^e.<<a^danl3I1nelrpow- 
T, Tltta ail to eight parts of concDntratod sulphuric iti'l'l. in a Rmnll stoneware 
l>ottlB or a KlUSflEik. provided vl<b a vldo dellviry-tubo, difipinK Into a liltio mercuir in a 
•mall poraelaln oapsulc, which la wt In b large beaker oontaliilna slJt "r rlg-ht parti of wBtcr. 
The atooeirare bottle or flask is set In ■ bihbII Banil-bBth, with liio sand piled altoutlt, aahiB-b as 
the material, and Kentlj heated from a lamp, Ejch bubble of gas docompoBCB with doposltloD 
of gelatliHiua alUola acid. When the water Is Ulled with this deposit, It mar be aeparated by 
stralnlQirUironBh cloth and aKSlatrcatlDg- with the gas for greater oonoentiKtlon. Tbestialaeil 
llgoid U finallr Oltered and preserved for use. ^|,> 
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§248. Silicon. Si = 28.4. Valence four. 

There are three modiflcationB of ailicon: (a) Amorp/ioun.— A dark Ijrovfn 
powder; specipc gravUy, 2.0: non-volatilf; infusible: biirnn in the air, forming 
8t0, , a nd i n chlorine, forminK- SiCl, , It is not attacked by acidx except HT: 
Si + 6HP = H,S1F, + 2H, . It is dtBSDlved by KOH with evolution of 
hydro^n. (6) Grflpft(/oJiin(.— May be fused, but is not oxidized upon iftnition 
in air or in oxvg-en. It. is not attacked bv HF, but is dJKsolved by a miitur? 
of HF and HHO, , forming H,81F^ . It is attacked stoitly by fused KOH. 
(c) Adamantine iUiaon, crystalline silicon. — Grayish-black, lUBtrous, octaheilnl 
crvstals, formed bv fusing the ^''^P^'toirlal form. Hpfi-iflr gravllg, 2.J9 at 10' 
(Woehler, A., 1S56, 97, S61). It scratches glass but not topaz. It melU bef»r«ii 
the melting' points of pig iron and steel. 1100° to irOO". In cheniieal properliw 
It is very similar to the graphitoidal form, being attacked with even grestrr 
difliculty. Silicon in never found free in nature, bnt nlways in combination u 
silica, S'lO, , or as silicates. 

Amorphous silicon is formed by passing vapor of SiCl, over heated potasKiun: 
by heating mag^nesium in SIF, vapor: by heating n mixture of Hg and SiO,: bf 
electrolysis of a fused silicate. It is readily prepared by heating' a mi-ttiirc of 
magnesium, one part, with Ksntt, four part's, in a w'de test-tube of hard glass 
(Qattcrmann, B., 1889, 22. 18G). The graphitoidnl form is crystalline and bj 
manv is said to be the same as the adamantine form. Method of preparation 
essentially the same (Warren, C. y.. 1H91, 63, 4fi). Tlie crvstalline form is ja»if 
by fusing a silicate or K,S1F, with AIt by passing vapors of SlCl, over heated 
ir» or Al in a carbon crucible (Dcville. .!. Cfc.. 1857, (3). 48, 62; Deville and 
Caron, A. CK. 1863, (3), 67, 435: Woehler, i. c). 



§249. Silicon dioxide. SiO, = 60.4 . 

(Silicic anhijdride ; silica.) 

Silicic aoid. HjSiO, = 78.416 . 


I 
Si^'O-', and H'lSi^'O-", , O = Si = and H — — Si — — H. 

1. PropertiM. — Silica, «IHciiT anhydride, SiO, , is a white, stable, infusible solid: 
Insoluble in water or acids; soluble in tlxed alkalis with formation of sil)catf«. 
Bpecifle gravity of quartz, 8.647 to 3.653; of amorphous silica, 2.30 at 15.6°. 

Sllide add, glliam hydrojide, H,S10, , is a white, gelatinous solid, geaerallf 
insoluble in water, and soluble in mineral acids. A dilute solution in water in 
obtained by dialysis of the fixed alkali silicate with an excess of HCl antil 
the chlorides are all removed. It may be boiled for some time before the otid 
precipitates out. l'i>on standing siliiic acid soon separates, 

2. Occurrence. — Silicon is never found free in nature: it is always combinci 
with oxygen in the form of silicon dioxide, SIO, , as quartz, opal, flint. Baud, 
etc.: or the silicon dioxide is in combination with bases as silicates; nsbeeltf. 
Boapstone. mica, cement, glass, etc. All geological formations except chalk 
contain silicon as the dioxide or as a silicate. 

'i. Formation.— Crystalline silica is formed by passing silicon fluoride into 
water, forming silicic acid and fluusilicie acid: I.SIF, -I- OH,0 = H,810, + 
2H,SiI', . The precipitate of silicic acid is dissolved in boiling NaOH and thta 
heated in sealed tubes. Below IfiO" crvstals of tridywite are formed, and 
above 1S0° crystals of quartz (Mnschke, />«., 1S72, 146, 549), 

4. Preparation. — run- nmor])hous silica is prepared by fusing finely !»"■ 
dcred qvinrti with si.x parts of sodium carbonate, dissolving the cooled xaam i" 
water, and pouring into fairly concentrated h.vdrochloric ncid. The precipitat.' 
Is filtered, well washed and ignited. Or SIP, vapors are passed into vaW 
(9246) and the gelatinous precipitate washed, dri.ed and ignited. CrjstsUinf 

" " O" 
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silica is prepared by fusia? silicates with microcosmic salt or with borax 
{Buse. J. pr.. 1S67, 101, 22B). 

Silicic add. — The various hydroxides of silica act as weak acids. Metasiliclc 
acid, H,SiO, , has been isolated; it is formed by decomposing silicon ethoxide. 
SKOCE.). , with moist air (Ebelmen, J. pr., 1846, 37, 359). AIko by dialysis of 
B piixttire of sodium silicate with an excess of hydrochloric acid until the 
chlorides are all removed, concentrating, allowing to gelalini/e, and drying 
o»er sulphuric acid. Other hydroxides, acids, have been isolated, but there la 
some question as to their exact composition. 

6. Solabilities.^ Silica, SiO, , is insoluble in water or acids except HF, 
which dissolves it with formation of gaseous silicon fluoride, SLF^ (§246). 
Of the silicates only those of the fixed alkalis are soluble in water, water 
glass. These silicates in solution are readily decomposed by acids, in- 
cluding carbonic acid, forming silicic acid, gelatinous. While anhydrous 
eilieie anhydride, SiOj , is insoluble in mineral acids, the freshly precipi- 
tated hydroxide, silicic acid, is soluble in those acids. Silicic acid is 
decomposed by evaporation to dryness in presence of mineral acids, with 
separation of the anhydrous SiOj ; which ia insoluble in more of the sbme 
acids, which previously had effected its solution. 

The most of the silicates found in nature are of complex composition. 
They are combinations of 810^ with bases. They are, as a rule, insoluble 
in water or acids. 

6. Beaotions. — Solutions of the alkali silicates precipitate solutions of 
all other metallic salts with formation of insoluble silicates; they arc 
decomposed by acids with separation of silicic acid, a gelatinous precipi- 
tate, soluble in hydrochloric acid. Evaporation decomposes silicic acid 
with sepai-wLion of insoluble silicic anhydride, SiOj . Ammonium salts 
precipitate gelatinous silicic acid from solutions of potassium or sodium 
silicate. Therefore in the process of analysis the silicic acid, not removed 
in the first group by hydrochloric aeid, will be precipitated in the third 
group on the addition of ammonium chloride. 

Silica, SiOj, is soluble in hot fixed alkalis forming silicates; it is not 
soluble in ammonium hydroxide, nor are solutions of alkali silicates pre- 
cipitated on addition of ammonium hydroxide as they are on the addition 
of ammonium salts. Boiling SiOj with the fixed alkali carbonates forms 
soluble silicates with greater or less readiness. Nearly all silicates are 
decomposed by heating in sealed tubes to 200° with concentrated HCl or 

7, lotion. — Silicates fused with the alkalis form soluble alkali sili- 
cates, and oxides of the metal previously in combination. If alkali car- 
bonates are employed the same products arc formed with evolution of 
COj . Preferably a mixture (in molecular proportions) of potas.'iium and 
sodium carbonates, four parts, should be used to one part of the insoluble 
silicate. Silica, SiOj , is also changed to a soluble silicate by fusing with 
fixed alkali hydroxides or carbonates. 
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SlOi does not react with K,80, or Na,SOi , even when fnaed at a very higli 
temperature (Mills and Meanwell, J. C. 1B81, 39, 533). In the fnaed bead of 
microcosmic salt particles of silica Bwim vndistolved. If a silicate be taken. 
Its base will. In most caaes, be dissolved out, leaving' a " siceleton of Mica " uo- 
dlssolved in the liquid bead. But with a bead of sodium carbonate, silica (and 
most silicates) fuse to a clear glow of silicate. 

Silica is separated from the fixed alkalis In natural silicates, by mixing- the 
latter in line powder with three parts of precipitated calcium carbonate, and 
one-half part of ammonium chloride, and heating in a platinum crucible to 
redness for half an hour, avoiding too high a heat. On digesting in hot ^^ter, 
the solution contains all the alkali metals, as chlorides, with calcium chloride 
and hydroxide. 

8. Beteotion. — Silicates are detected by convereion into the anhydride, 
SiOj . The silicate is fused with about four parts of a mixture of potas- 
sium and sodium carbonates, digested with warm water, filtered, and 
evaporated to dryness with an excess of hydrochloric acid. The dry resi- 
due is moistened with concentrated HCl and thoroughly pulverized ; water 
is added and the. precipitate of SiO, is thoroughly washed. Further con- 
firmation may be obtained by warming the precipitate of SiOj with 
calcium fluoride and sulphuric acid (in lead or platinum dishes), forming 
the gaseouB silicon fluoride, SiP^ . This is passed into water where it is 
decomposed into gelatinous silicic acid and fluosilicic acid: 38iP, -|- SH^O 
= HjSiO, -I- SHjSiF, (§246). Silica, SiOj , la usually treated as directed 
for silicates, but may be at once warmed with calcium fluoride and snl- 
phuric acid. . 

9. liatimatlon. — The compound containing a silicate or silica is fused with 
fixed alkali carbonates as directed under detection, and the amount of well- 
washed SiO, determined by weighing after ig.iition. 



§250. PhoBphoniB. P = 31.0 . Usual valence three or five. 

1, Properties. — Phosphorus is prepared in several allotropic modiflcatlona. 
Specific gravUv of the yellow, solid, at S0°, 1.88321; liquid, at 40°. 1.7493+; solid, 
at 44°, 1.80681 (Pisati and de Franchis, B., 1S7S, 8, 70). At ordinary tempera- 
tures it is brittle and easily pulverized. At about 4S° it melts, but may be 
cooled in some instances (under an alkaline liquid) as low as +i° without 
solidifying. \\Tien it solidiflea from these lower temperatures, as it does by 
stirring with a solid substance, the temperature immediately rises to about 46°. 
BoUinff jxHnt, 387.3° at 762 mm. pressure (Scliroefter, A., 1848, 68. 247; Kopp, A„ 
1855, 93, 189). The density of the vapor at 10-10° is 4.50 (Deville and Troost, 
C. r., 1863, 56, 801). The computed density for the molecule P. is 4.294. At a 
white heat the density, 3.632, indicates dlesociation of the molecule to P, 
(Meyer and Siltz, B., 1889, 22, 7S5). Specific gravilti of the red amorphous 
modification at 10°, 1.964. 

Ordinary crystalline yellow stick phosphorus is a nearly colorless, trans- 
parent solid: when cooled slowly it is nearly as clear as water. In water con- 
taining air it becomes coated with a thin whitish film. If melted in fairly 
large quantities and cooled slowly it forms dodeeahedral and octahedral crys- 
tals (Whewell, C. A'., 1879, 38, 144). Heated in absence of air above the boiling 
point it sublimes as a colorless gas, depositing lustrous transparent crystals 
(Blondlot, C. r., 1866, 83, 397). At low temperatures phosphorus oxidizes slowly 
in the air with a characteristic odor, probably due to the formation of ozone 
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and phasphoruus oxide. F,0, (Thorpe and Tuttou, J. C, 18&0, S7, 573). Tt iKoHes 
spontaneously in the uir at 60°, burning with a bright yellowish while light 
producing much heut. From the finely divided ctute. ut> from the eVniiomtion 
of its Bolution in carbon disulphide. it ignites HpuiitaneouHly at tempernlurcs 
at which the compact phosphunm niuj' Iw kept for daj'e. It must be prcKerved 
undpr water. Great precaution should be token in working with the ordinnry 
or yellow phosphorus. Burns caused by it ore very painful and heal with: 
great difficulty. Ordinary phosphorus is luminoua in the dark, but it has 
been shown that the [iresence of at least small amounts of oxygen ore neces- 
sary. The presence of HjS . SO,, CS, , Br. CI, etc.. prevpnt the glowing 
(Schroetter, ./. jjr., lK5;i, 88, l.'iN: Thorpe, X<ilui-r, isno. 41. 52:!). Upon heating 
in absence of air, better in sealed tubes, to :;i)0° it is changed to the red modi- 
fication (Meyer, B., 188S, 16, 297). 

Red phosphorus in a dull t-arniine-red tasteless powder. It is not poisonous, 
while the ordinary yellow variety Is Intensely poisonous. 200 to ,'il)0 milligramtt 
being sufficient to cause death. While the yellow modification is so readily 
and dangerously combustible when expoiied to the air even at ordinary tem- 
peratures, the red variety needs no special precautions for its preservation. 
it does not melt when heated to redness in sealed tubes, but is partially 
changed to the yellow crystalline form {HittorJ, Pogg.. 18fl5, 126, IBH). If 
amorphous phospfaonis be distilled In the absence of air, it is changed to the 
crystalline form, action beginning at 260°. Heated in the air from 250° to 260° 
it takes fire (Schroetter. I.e.). A black crystalline metallic variety of phos- 
phorus is described by Hittorf (f.c); also Itemsen and Kaiser (Am., 1883, 4, 459) 
describe a light plastic modification. Phosphi)nis is largely used in match- 
making. Yellow phosphorus is used in the ordinary match, and the red 
(amorphous) in the safety matches, the phosphorus being on a separate surface. 

2. Occurrence,— It is never found free in nature. It is found in the primitive 
rocks as calcium phosphate, occasionally as aluminum, iron, or lead phosphate, 
etc. Plants extract it from the soil, and animals from the plants. Hence traces 
of it are found in nearly all animal and vegetable tissues: more abundantly 
ia the seeds of plants and in the bones of animals. 

3. Fonnattou.^Crdinary phosphorus is formed by heating calcium or lead 
phosphates with charcoal. The yield is increased by mixing the charcoal with 
sand or by passing HCl gas over the heated mixture. Bv igniting an alkali 
or alkaline earth phosphate with aluminum (Itossel and Frank, B., 1894, 27. 32). 
Red phosphorus is formed by the action of light, heat or electricity on ordinary 
phosphorus (Meyer, B., issa, 15, 397). By heating ordinary phosphorus with 
a small amount of Iodine (Brodle, J. jtr., 1853, 58, ITl). 

4. Preparatloii. — Ordinary phosphorus is prepared from bones. They are 
first burned, which leaves a residue, consisting chiefly of Ca,(FO,),; then 
H,SO, is added, producing soluble calcium tetrahydrogen diphosphate («)■ 
After filtering from the Insoluble calcium sulphate the solution is evaporated 
and ignited, leaving calcium metaphosphate (li). Then fused with charcoal, 
reducing two-thirds of the phosphorus to the free state (r). The mixture of 
Band, BIO, , with the charcoal in preferred, in which case the whole of the 
phosphorus is reduced (d). Hydrochloric acid passed over red-hot calciunt 
phosphate and charcoal reduces the whole of the phosphorus. This process 
works well in the laboratory, and has also been succeaafuUy employed on a 
larger scale. Either of the calcium phosphates may be used (e) aod (/)■ 

(o) C»,(PO,), -I- 2H,B0. =2CaS0. -|- CaH.(PO.), 

(6) CaH.(PO.), + ignition = Ca(PO.), + 2H,0 

(c) 3C»(P0,), + IOC = Ca,(PO,), + lOCO + P. 

(d) 2Ca(P0,), + IOC + JSIO, = aCaSiO, -I- P, -I- lOCO 

(e) 2C»i(P0.), -f leC + 12HC1 = 6CaCl, + P. -I- 16C0 4- 6H, 
(0 2Cft(P0.), -I- 120 + 4HC1 = 2CaCl, + P. -f- 1200 + 2H, 

Red or amorphous phoaphorus is prepared by heating ordinary phospuontB 
for a long time (10 hours) at 240° to 250° in absence of air. At 200° the reverse 
change takes place. If the heating is under pressure and at 300". the change 

to the red phosphorus is almost immediate. It is washed with 03; *- 

all trac^ of yellow phosphorus and is dried at 100°. 
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5. Solubilities. — A trace of phosphorus dissolves in water. Alcohol 
dissolves '0.4, ether O.'J, olive oil 1.0, and turpentine 2.5 per cent of it. 
while carbon disulphide dissolves 10 to 15 times its own weight. Rrf 
phosphorus is insoluble in water, ether, or carbon disulphide. 

■fi, Beactions. — When phosphorus is boiled with a fixed alkali or alkaline 
earth hydroxide, phosphorus hydride, phosphine (§249), PH,, and a 
hvpophosphite (§280) are formed. Phosphorus, when warmed in an 
atmosphere of H or COj , combines directly with many metals to form 
phosphides. These phosphides are usually brittle solids decomposing 
with water or dilute acids with formation of phosphoretted hydn^en, 
PH, . In nearly all the reactions of phosphorus both varieties react the 
same, the red variety with much less intensity, and frequently requiring 
the aid of heat. It is ignited when brought in contact with PbOj , Pb,0, 
HgO , AgjO , CrO, , KjCrjO, and when heated with CuO or MnOj . Soln- 
tions of platinum, gold, silver, and copper salts are decomposed by phos- 
phorus with separation of the corresponding metal (Boettger, J. C, 1874. 
27, 1060). 

With HNO, , HjPO, and NO are formed; when heated with KNO, a 
rapid oxidation takes place. 

It combines with oxygen, forming PjO, or PjOj . With yellow phos- 
phorus the reaction begins at ordinary temperature ; with the red variety 
not till heated to 250° to 260" (Baker, J. C, 1885, 47, 349). 

Water is decomposed at 250°, forming PH, and HjPOj (Schroetter, I. c). 

Combination with red phosphorus and sulphur'takes place at ordioan^ 
temperatures, forming P,S, or PjSn , depending upon the proportion of 
each employed (Kekule, A., 1854, 90, 310). With ordinary phosphorus 
. the action is explosive. 

CI or Br react with incandescence at ordinary temperatures, forming 
trihalogen or pentahalogen compounds, depending upon the amoimt of 
halogen employed. With iodine, PIj is formed. 

The halogen compounds of phosphorus are decomposed by water with 
formation of the corresponding hydrarids and phosphorous or phosphoric 
.acids, depending upon the degree of oxidation of the phosphoras. In 
the presence of water phosphorus is oxidized to H3FO4 by CI, Br, I, 
HCIO3, HBrOj, or HIO, with formation of the corresponding hydracid: 
Pj + lOCli + 16H,0 — 4H,P0. + 20HC1 . 

7. Ignition.— When sodium carbonate is heated to redness with pfaosphoru!. 
the carbonic aohydride is reduced and carbon is set free. Phosphorus healpd 
with niBgncEium in a vapor of carbon dioxide forms V,Xg, , which can be 
.heated to redness in absence of air without decomposition. Heated in the air 
it becomes oxidized (Blunt. A. Ch., ISGa, (4), 5, 487). Phosphorus also pombines 
-with Cu , Ag, Cd , Zu and Sn when it is heated -n-ith these elements in sealed 
tubes. It does not combine with Al and but Elightly with Pe (EmmerUnp. 
J. C. 18T9, 38, 508), 
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8. DetMtion. — By its phosphorescence; hy formation of PH, when 
boiled with KOH (Hofmann, B., 1871, 4, 200); by oxidation to H,FO« and 
detection as such (§75, 6d). 



g2ffl. Phosphine. FE, = 34.024 . 
P-"'H',,H — P — H. 

I 
H 

Fhosphlne, PH, , fs a colorlesa gaa having a very diea^reeable odor. Aa 
oBually prepared, it ia Bpontaneously inflaminHble, burning In the air with 
formation of metaphOBphoric acid; 2FH, + 40, = SHFO, + 2E,0 . It i« 
liquified and frozen at very iow temperatursE; boiling point, about —85°; 
meltine point, —132.5° (Olszewski, if., IHSe, 7, 371). It is very poisonoua, spar- 
ingly soluble in water, which solution has the peculiar odor of the gas and baa 
an exceedingly bitter taste. It is formed by boiling phosphorus witli a fixed 
alkali or alkaline earth hydroxide (a): by ignition of H.FO, or H.PO, (fi); br 
I^hion of hypophoaphites (c); by the decompoaition of the alkaline earui 
phosphides with water or dilute acida (d) : 

• (o) P, + 3Z0H + 3H,0 = 3KH,P0, + PH. 

(ft) 2H,P0, = HPO, + PH, + H.0 
4H,P0, =: 3HP0, + PH, + 3H,0 

(c) 4NaH,P0, = Na,P,0, + 2PH, + H,0 

(d) Ca.P, + RH,0 = cCb(OH), + 2PH, 
Ca,P, + 6HC1 = aCaCl, + 2PH. 

It is a strong reducing af{fent: transpoKes many metallic solutions; SCoSO, + 
2PH, = Cu,P, + 3H,B0.: reducFB Rolutions of silver nnd gold to the metallic 
state; SAgNO, + PS, + -IH^O = H,PO. + SHNO, + SAg; is oxidized to H,PO. 
by hot H,SO. , CI . HCM) , HNO, , HNO, . H.AaO. . etc. A liquid phosphorus 
hydride, P,B, , and a aclid. P.H, . are known (Beason, C. r., 1890. Ill, 97fcj 
Gattermann and Hauaknecht, Jl., 1890, 23. 1174). 



§262. Hypophoaphorooi acid. H,FOi = 66.024 . 
H 
I 
H'.FO-",. H — — P = 0. 

I 

1. Propertits. — Hjpophospborous acid was discovered in 1816 by Dulong (A. C\., 
1816. 2. 141). It is a colorless cyrupy liquid; specific groiitu, 1.493 at 18.8°. At 
J7.4° it becomes a white crystalline solid (Thomaen, B.. 1874, 7, 994). Although 
containing three hydrogen atoms it forma but ohc series of salts, e. g., NaH.PO,. 
Bb(H,FO,>, , etc. 

S. Occurr«nce. — N'ot fonnd in natiiie. 

3. Pormation. — All orliiinry mctnfs form hypoph 
and mercnrosum. Pilver and ferric hypophosphitei 
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few metals, such as zinc and iron, disBoIve in H,FO, , giving- off liydrogeu and 
fwmuDg a hypophasphite. (2) The alkali and alkalioe earth salts may be 
formed by boiling phosphorus with the hydroxides (Mawrow and MuthinaQn, 
Z. angeto., 1896, 11, 2BB), (3) As all hjpophOBphitea are soluble, none can be 
formed by precipitation. All may be formed from their eulphotL-B by trans- 
position with barium hypopbosphite. (4) All may be made by adding HiPO, 
to the carbonates or hydroxides of the metals. 

4. Preparation.— To prepare pure H,PO, , BaO and P (in small pieces) are 
warmed in an open diah with water until PH, ceases to be evolved. The 
liquid is filtered and CKcess of BaO is removed by passing in CO, . After again 
filtering, the liquid is evaporated to crystallization of the barium salt. This 
is dlsiiolved in water and decomposed by the calculated quantity of H,80, . 
The solution is filtered and evaporated in an open diah, care being taken not to 
heat above 110°. L'[ion cuolin^ the white crystalline tablets are obtained. 

5. Solubilities. — The free acid is readily miscible In water in all proportiouB. 
The salts are all soluble in water, a iiumlicr of them are soluble in alcohol. 

a. Beactions.— J.— With metals and their compounds. Hypopbosphorous 
acid is a very powerful reducing agent, being oxidized to phosphoric acid or a 
phosphate. 

1. Pbiv becomes Pb" in acid or alkaline mixture. 

2. Ag' becomes Ag° in acid or alkaline mi.\ture. 

3. Hg" becomes Hg' and then Hg° in acid or alkaline mixture. 

4. Abv and As'" become As" in jiresence Of HCl . 

5. Bl'" becomes Bi° in presence of alkalis or acetic acid. 

fi. Cu" becomes Cu,H, and on boiling Cn° (separation fronk Cd). 

7. F#"' becomes Fe* , no action in alkaline mixture. 

8. Crvi becomes Cr"' , no action in nlkaiine uiiNture. 

9. Co'" becomes Co" , no action in alkaline mixture. 

10. Ni'" becomes Ni" , no action in alkaline mixture. * 

11. Ifn''+n becomes Un" in acid solution. 

IB. Hniv+n becomes Univ in alkaline mixture. 
£.— With non-metals and thetr compounds. 
1. H,re(CN). becomes H,Po(CN), . 
g. HNO, and HNO, become NO . 

3. H,PO, on heating' becomes H,PO, and PH, . 

4. H,BO. l>ecomes free sulphur with formation of some EiS (Ponudorf, J. C, 

1HT7. 31,27.-.). 
H,BO, becomes first H,SO, then S . See above. 
3. CI becomes HCl In acid mixture, a chloride with alkslia. 
HCIO and HCIO, form same products as CI . 

6. Br becomes HBr In acid mixture, a bromide with alkalis. 
BBrO, forme HBr . 

7. I forma HI, in alkaline mixtures an iodide. 

HI , dry, reacts violently, forming H.PO, and PH.I (Ponndorf, I. c). 

HIO, forms HI . 
. 7. Ignition,— On ignition hypophosphites leave pyrophosphates, evolving P^. 
The acid decomposes on heating to PH, and H.PO, (or HPO. if at a red heat). 

8. Detection. — Hypophoaphorous acid may be known from phosphoroua 
acid by adding cupric sulpliatc to the free acid and heating the solution 
to 55°. With hypophosphorous acid a reddish-black precipitate of copper 
hydride (CBjHj) is thrown down, which, when heated in the liquid to 100°, 
is decomposed with the deposition of the metal and the evolution of 
hydrogen, whilst with phosphorous acid the metal is precipitated aai 
hydrogen evolved, but no Cn,Hj is formed. Further, hypophosphoroua 
acid reduces the permanganates immediately, but phosphorous acid only 
after some time. Phoephites precipitate barium, strontium, and calcium 
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salts, while hypophosphiteB do not. When h}rpophosphoroii8 acid is 
treated with zinc and Bulphario acid it is converted into phosphoretted 
hydrogen. On boiling hypophoBphorous acid with excess of alkali hydrox- 
ide, first a phosphite then a phosphate is formed, with evolutioQ of 
hydrogen. 

0. Esttnuitioii. — (1) By oxidation with nitric acid and then proceeding as 

■frith phosphoric acid. (2) By mercuric chloride acidulated with HCl; the 

temperature must not rise at>ove 60°, otherwise metallic mfrcury will be 

formed. The precipitated HgCI , after washing and drying at 100°, is weighed. 

Van,FO, + 4Hs01, + BH.O = 4HkC1 + H.PO, + HaCl + 3H01 



§S58. Fhosphoroiu acid. H,PO, = 82.024 . 
H 
I 
H'.F"0-',, H — — P — — H. 

n 



1. PropertlM. — Phosphorous anhydride, P,0, , is a snow-white solid, melting 
St 23.5°, and boiling at 173.1° (Thorpe and Tutton, J. C, 1890, 57, 549). The 
vapor density of the gaseous oxide indicates the molecule to be P,0, . Speciftc 
gravity of the liquid at Sl°. 1.9431; of the solid at tlie aame temperature, 2.135. 
It has an odor resembling that of phoBphorus. Heated in a sealed tube at 
200° it decomposes into P.O. and P (T. and T., J. C, 1801, 59, 1019). It reacts 
slowly with cold water, forming S,PO,; with hot water the reaction is rioient 
and PH, is evolved. Upon exposure to the air it oxidizes to P,0, . 

The acid, H,PO, , is a crystalline solid, very deliquescent, melting at 74° 
(Hurtzig and Geuther, A., 1859, 111, 171). It is a dibasic acid, forming no 
tribasic salts (Amat, C. r., ISSO, 108, 403). One or two of the hydrogen atoms 
are replaceable by metals forming acid or normal salts. The third hydrogen 
Is never replaced by a metal, but may be replaced by organic radicles (Itailton. 
J. C. lasa, 7. 216: Michaelis, J. C, 1875, 28, 1160). Neither meta nor pyro- 
phosphorouB acids are known, but a number of pvrophosphites have been pre- 
pared (Amat, C. r., 1888, 106, HOO: 18S9, 108, 1056; 1890, 110, 1191 and 901; 
A. Gk., 1891, (6), 24, 2S9). 

2. Occurrence. — Does not occur In nature. 

3. Formatloii.— PgOi is formed together n-ith P|0, when phosphorus Is 
Ignited in the air. H,PO. is formed together with H,FO, when phosphorus 
Is oxidized with HNO,; by the oxidation of H,PO,: by the action of F upon a 
concentrated solution of CuSO, in absence of air; SCuSO, -(- P, -|- 6H,0 ^ 
Cu,P, + 2H.P0, -f 3H,80. (Schiff, A., 18(i0, 114, 200). 

4. Preparation To prepare phosphorons anhydride, P,0, , phosphorus is 

burned in a tube with an insufficient supply of a'ir (Thorpe and Tutton, I.e.), 
The acid, H,PO, , is prepared by dissolving the anhydride in cold water; by 
decomposing PCI, with water (Hurtzig and Geuther, I. c). 

5. Sol-ublUHes.— The acid is mincihle in water in nil proportions. Alkali 

EhosphitcK are aolublc in water, most others are insoluble (distinction from 
ypophosphites). 

6. Beactlons. — Phosphorous acid is a strong reducing agent, oxidizing to 
phosphoric acid when exposed to the air. It reduces sails of silver and gold to 
the metallic state and is changed to phosphoric acid by most of the strong 
oxidizing acids and by many of the higher metallic oxides. EgCl, becomes 
ILgCl and then Sg° , CnOl, becomes CuCI then Cu° (Rammelsbcrg, J. C, 1873, 
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Se, 13). Craeentrated H,SO, with heat forma H,PO. and SO, (Adte, J. C, IDSt, 
59, 230). H,SO, forms H,S and H,FO, <WoehIer, A., 1841, 39, 252). NaEcenl 
hydrogen (Zn and H.SO.) produce FH, (Diisart, C. r., 1856, 43, llEB). 

7, Ignitloii. — The acid ia decomposed bv igTiition, formin)? HPOj and P or 
PH. (Vigier, SI., 1869, (2), 11, 125; Hurtzig- and Geuther, I. c). Phosphites ate 
decomposed by heat, leuviDgf a pvopliosphate and a phosphide and evolrinj 
PH. or H (RammelsbprR-, B., 1870, 9, 1577; and Kraut, A., 1S75, 177, 274). 

8, Detection.— By oxidation to H,FO, and detection as such. It is rfistin- 
ffuished from hypophosphoroua acid by reducinf- CuSO, to Cu°, while tb« 
latter forma Cn,H,; also by the Bolubilitiea of the salts (S262, 8). Its reaction* 
with oxidizing' Agents distinguish it with bypophosphorous acid from pboa- 
pboric acid. 

9, Estimatioii. — By oxidation to H,PO, and estimation as such. 
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II II 
H'.P",0-",,H — — P — P — 0— H. 
I I 



1 I 

H H 

Hypophoiphoric acid is formed together with phosphoroaa and phospborl* 
ftcida by slowly oxidizing' phosphorus In moist air (Salzer, A., 1885, 2^, 114 
and 271); alao by oxidizing phosphorua with dilute HNO, in preseoce of aitver 
nitrate (Philipp, B., 1885, IS, 749). It consists of small colorleas hygroscopic 
crystals which melt at 55°. It decomposes when heated to 70° into H,PO, aod 
HPO, , and at 130° gives H,P,0, and PH. (Jolv, C. r.. 1885, 102, 110 and 760). 
It fa oxidized to H,PO. by warm HNO, . aluwly by KMaO, in the cold, nipidlV 
'When heated. It is not oxidized by H,0, , chlorine water or HiCrO, ; HgCl, 
becomes HgCl (Aroet, C. r., ISOO. Ill, 676). It ia not reduced by Zn anil E,SO. 
(diatinction from H.FO, and HiFO|)- With a solution of silver nitrate it gives 
a white precipitate which doea not blacken in the light (distinction from H,PO, 
and H,PO,). It forma four aeries of Halts, all four hydrogen atoms being 
replaceable by a metal. The hypophosphates are much more stable towards 
oxidizing agenta than hypopboaphiteB or phosphites. 



§255. Phoaplioric aoid. H,PO. = 98.0S4 . 

II 
H',r'0-",,H — — P — 0— H. 

I 



I 

H 

1. Properd SB,— Phosphoric anhydride, P,0, •, is a white, flakey, very deliqne- 
•cent solid, fusible, subliming undecomposed at a red heat. It is very solubU 
In water, forming three varieties of phosphoric acid: orthn, E|PO,; meta, HFO,; 

I, not P,0,; F.O, 
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and pyro, H.FjOr . OrthophospborJc acid is a translucent, feeblj crjatallizable 

and yery deliqiieacfnt Hoft solid. Specific gravity. 1.88 (Schiff, A., 1860, 113, IMS); 
melting point, 41.76° (Berthelot, Bl., 1878, (3), 29, 3). It is changed by heat, 
first to pyropliosphoric acid, tlien to metaphoaphoric acid. Ortho phosphoric 
acid foriuB three classes of salts: H'BiFO, , primary, monobasic or mono- 
metallic phosphates; H',HFO, , secondary, dibasic or dimetaUic phosphates; 
and 1I',P0, , tertiary, tribasic, trimetallic or normal phosphates. The first 
two are a cid salts, but Na,HPO, is nlkaline to test paper. Metaphosphoric 
acid, HPO, ,H — O — P = 0,isa white waxy eolid, volatile at a red heat 

II 

O 
(ordiaary glacial phosphoric acid owes its hardness to the universal presence of 
HOdium metaphosphate). It Is a monobasic acid, but there are various poly- 
meric modifications, distinguished from each other chiefly by physical difltr- 
eacea of the acids and their salts (Taminann, Z. phya. Ch., 1890, 6, 128)- 



solid (Peligot, A. Ch., 1840, (2), 73, 386), very soluble in, but unchanged by, 
water at ordinary temperature; changed by boiling water to H,PO, . Heated 
to redness HPO, is formed. It forma two classes of salts: li',H,P,0, and 

ir,p,o, . 

2. Occurr«nea;— Phosphates of Al , Ca , Mg and Pb are widely distributed In 
minerals. Guano consists quite largely of calcium phosphate. Calcium and 
magnesium pboBphates are found in the bones of animals and in the ashes of 
plants. The free acids are not found in nature. 

3. Formatioii. — Ptiotphoric anhydride, P,0, , is formed by burning phosphorus 
in great excess of air: also by burning phosphorus in NO, NO,, or CIO,. 
Orthophoaphoric acid, H,PO, , Is formed by long exposure of phosphorus to 
moist air, or by oxidation with HNO,; by oxiilation of E,PO, or H,PO, with 
the halogens, HNO, , HCIO, , etc.; by treating P,0, , HPO, , or H,P,0, with 
boiling water; by combustion of PH, in moiat air; and by action of water on 
PCI, . It is also formed from metallic phoKphates by transposition with acids 
in cases where a precipitate results, as a lead or barium phosphate with sul- 
phuric acid, or silver phosphate with h;-drochloric acid. But when the pro- 
ducts are all soluble, as calcium phosphate with acetic acid or sodium phosphate 
with sulphuric acid, the transposition is only partial; so that unmixed phos- 
pbnric acid is not obtained. A non-volatile acid, like phosphoric, is not sepa- 
rated from liquid mixtures, as the volatile acids ore, like hydrochloric. The 
change represented by equation (a) can he verified, that is, pure phosphoric 
acid can be separated; but the changes shown In equations (6) and (c) do not 
comprise the whole of the material taken, Tn the operation (6) some sodium 
phosphate and some nitric acid will be left, and in (C) some trihydrogen 
phosphate will no doubt be made. 

a. CaH,(PQJ, -+- H,C,0, = CaC^O. -|- 2H,P0. 
6. Na,HP0, + 2HN0, = SNaNO. -|- H,PO. 
and Na,HPO, + HNO, = NaHO, + HaH,PO. 
e. 2CaHP0, + 2HC1 = CaCl, + CaH.(PO.), 
JfeiffpftoapAorte nrid is formed by treating P,Oi with eold water; by decom- 
position o* lead metaphosphate with H^S or of the barium salt with H,SO.; 
by ignition to dull redness of phosphorus or any of its acids in the presence 
of air and moisture. 

PffrophoitpfiQric add, H,Pi,0, , is formed by the d poo ni position of lend pyro- 
phosphate, Pb,P,0, , with HjS or of the corresponding barium salt with 
H,SO, : or by heating H,PO, to a little above 200° until no yellow silver 
pbosphate, Ag,PO, , ia obtained on dissolvinc in water ai ' ' - - ■ -^■■- 
Bilver nitrate after neutralization with NH,OH . 
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4. Preparation. — To prepare PjOj , phoephorus is burned in a slow cnr- 
rent of dry oxygen heating to about 300°, then in a more rapid current 
of the gas, and finally the F,Ob is distilled in an atmoephere of oxygen 
(Shenstone, Walls' Die, 1894, IV, 141). HiFO« ia prepared by wanning 
pfioaphoruB, one part, with nitric acid, »p. gr. 1.20, ten to twelve parta, 
with addition of 300 to COO milligramB of iodine to 100 gramB of phoa- 
phorua, until the phosphorus is completely dissolved. The excess of 
HNOj is removed by evaporation, water is added and the aolution is sat- 
urated with H^S to remove any arsenic that may be present. The solution 
ia then evaporated to a syrupy consietency at temperatures not above 
150° (Krauthausen, Arch. Pkarm., 1877, 210, 410; Huskisson, B., 1884, 
17, 161). Many orthophosphales are formed by the action of H,PO, upon 
metallic oxides or carbonates; by the reaction between an alkali phosphate 
and a soluble salt of the heavy metal; by fusion of a me ta phosphate with 
the corresponding metallic oxide or hydroxide; also by long continued 
boiling of meta or pyrophosphates. Metaphosphates are formed by double 
decomposition with NaPO. or by fusion of a monobasic phosphate or any 
phosphate having but one hydrogen equivalent substituted for a metal, 
the oxide of which is non-volatile, e. g., lTaNH,HFO, . PyrophosphtUa 
are formed by double decomposition with Na^FiO, ; by action of H^PjO, 
«n certain oxides or hydroxides; also by ignition of dibasic orthophos- 
phates, e. g., ITa^HFO^ . StL^K^fi, may be prepared by titrating a sat- 
urated solution of NafP^O^ with HNO3 until the aolution gives a red color 
v.ith methyl orange, Upon standing the salt separates in large crystals 
(Knorre, Z. angew., 1892, G39). 

5. Solubilities. — All the phosphoric acids are readily Boluble in water, 
as are all alkali phosphates. Alkali primary orthophosphales have an 
acid reaction in their solutions; alkali secondary and tertiary phosphates 
are alkaline in their solutions; the latter is easily decomposed, even by 
COj , forming the secondary salt. A number of non-alkali primary ortho- 
phosphatcs are soluble in water, e. g., CaH,(F0,)2 , All normal and di- 
metallic orthophosphatcs arc insoluble except tho,=e of the alkalis. The 
normal and dimetaliie phosphates of the alkalis precipitate solutiona of 
all other salts. The precipitate is a normal, dimetaliie, or basic phos- 
phate, except that with the chhiridos of mercury and antimony it ia not 
a phosphate but an oxide or an osychloride. 

All phosphates are dissolved or transposed by HBO,, HCl, or H^SO,, 
and all are dissolved by HCiH^O, except those of Pb, Al and Fe'" . All 
are soluble in H,P04 except those of lead, tin, mercury, and bismuth. 

The non-alkali meta and pyrophosphates are generally insoluble in 
water. The pyrophosphale^ of the aJl-aliite earth melals are difficultly solu- 
ble in acetic acid. The most of the pyrophosphates of the heavy metals, 
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except silver, are soluble in BolutioDs of alkali pyrophoepbates, ba double 
pyrophoaphatea soluble in water (distinction from orthophosphates). Ferric 
iron as a double pyrophosphate loses the characterietic properties of thai 
metal {Peraoz, J. C, 1849, 1, 183). Phosphates are insoluble in alcohol. 

6. Beaetioiu.— 1.— With metala and their componnda. — PhoBphoric acid dis- 
solves some metals, e. g., Fe , Zu and Vg with evolution of hydrogen. It unites 
with the oxides and hydroxides of the alkalis and alkaline earths and with 
other freshly precipitated oxides and hydroxides except perhaps antimonous 
oxide. It also decomposes all carbonates evolving' CO, . Phosphates are formed 
in the above reactions, the composition of which depends upon the conditions 
of the experiment. 

Frfls ortho phosphoric acid is not precipitated by ordinary salts of third, 
fourth and fifth ^roup metals (in instance of ferric chloride, a distinction from 
pyrophosphoric acid and m eta phosphoric acid),* but is precipitated in part by 
silver nitrate, and lead nitrate and acetate. Ammonlacal solution of ealcium 
chloride or of barium chloride precipitates the normal phosphate. 
- free metaphosphoric acid precipitates sohitionE of silver nitrate, lead nitrate, 
and lead acetate, the precipitates being insoluble in excess of metaphosphoric 
acid, and soluble in moderately dilute nitric acid. Barium, calcium and ferrous 
chlorides, and magnesium, aluminum, and ferrous sulphates, are not pre<^irf' 
tated by free metaphosphoric acid. Ferric chloride is precipitated, a distinc- 
tion from orthophosphoric acid. 

Free pj-ropbosphoric acid gives precipitates with solutions of silver nitrate, 
lead nitrate or acetate, ar.d ferric chloride; no precipitatea with barium or 
calcium chloride, or with magnesium or ferrous sulphate. 

Orthophosphoric acid — or an orthophosphate with acetic acid — doe* not coogtt' 
late egg albumsn or geUtlne. This Is n distinction of both orthophosphoric 
acid and pyrophosphoric acid from metaphogpkorie add. 

With silver nitrate soluble orthophosphates form silver orthophosphate, 
.^jPO^, yellow; with nietaphosphates, silver metaphosphate, AgPO, , 
white; and with pyrophosphates, silver pyrophosphate, Ag^P^O, , white, 
all soluble in ammonium hydroxide. Silver metaphosphate is soluble in 
excess of an alkali metaphosphate (distinction from pyrophosphates). 

If a disodium or dipotassium orthophosphate is added to solution of silver 
nitrate, free acid is formed, and an acid reaction to test-paper is induced (a). 
But with a trisodium or tripotassium phosphate, the solution remains neutral 
(6) — a means of disHnguUhing (fte odd phosphates from the normal. 

(a) Na,HFO, + 3AgN0, = Ag.PO, + SNaNO, + HNO, 

(b) Na,FO. + 3AsN0, — As,FO. + 3NaN0, 

Free orthophosphoric acid forms no precipitate with reagent silver nitrate. 

With lead acetate or nitrate, Na,HFO, forms PbsPO, , white, insoluble 
in acetic acid, as are also the phosphates of aluminum and ferricum. With 

* A sotutlon containing S p. o. ferrie tlilorUe, mixed with one-rourtli Its i-olume of a 10 p. o, 
aolutlin of ortJtopkntphoric acid, requires that near half of the latter bo noutrallzed (bo that 
phosphstels topbospborlOBcldasl.lHls to 1.000) before preolpllBtian occuis. On the other 
hand, 1 co. of a 5 p. o. solution of ferric chlnrldo, ml^ied irith 1 oc. uf a 6 p. c. eolation of meta- 
plUMphoHe acid, form a precipitate, to dlsBolve which, :3a co. of the same metaphoaphorlo Bold 
solution ' r B CO. of a £1 p. c. solution of hydrochloiio acid are required. Four cc. ol a S p. o. 
■olQtloQ of atlncr nitrate with 1 cc. of a 10 p. c. solution of orthnpAonphorlc acid give a preqlpl- 
latc:', to dissolve whloh requlrrs 1 cc. of tbe samp orthophosphoiio acid solution. [The Author^ 
r 'port of work by Hr, Morgan, Am.Jour. Phar,, mS, if*. RSI. Kiatsohmer and SztaolcovBiukr, 
Z., 1BS8, «I, fia».j ,, ..„. -. - . QIC 
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PbCl, the precipitate always contains a chloride. Free phosphoric actdi 
H,PO«, forms an acid phosphate, PbHPO, (Heintz, Fogg., 1848, 73, 119). 
Lead salts also form white precipitates with soluble pyro and metaphos- 
phates; the pyro salt, FbiFgO, , is pohihle in an excess of Wa^PjO, . Bin- 
muth salts form BiPO, , insoluble in dilute HNO, , 

Solutions of orthophosphates give, with soluble ferric, chromic, ami 
alvmiunm salts, mostly the nonnal phosphates, FePO, , etc. The ferrv 
phosphate is but slightly soluble in acetic acid, and for this reason it in' 
made the means of separating phosphoric acid from metals of the earths 
and alkaline earths (glS2). Solution of sodium or potassium acetate !■ 
added; and if the reaction is not markedly acid, it is made so by addition 
of acetic acid. Ferric chloride (if not present) is now added, drop by 
drop, avoiding an excess. The precipitate, ferric phosphate, is brownish- 
white. 

With due and mangianoiii salts, the precipitate is dimetalUc or normal— 
ZuHPO, , or Zii,(P04)i — according to the conditions of precipitation. 
When a manganic compound is mixed with aqueous phoaphorio acid, the 
solution evaporated to dryness and gently ignited, a violet or deep bliu- 
mass is obtained, from which water dissolves a purple-red manganir 
hydrogen phosphate, a distinction from manganous compounds. With sails 
of nickel, s light green normal phosphate is formed ; with cobalt, a reddit^h 
normal phosphate. 

Soluble salts of the alkaline earth metals, with dimetallio alkali phos- 
phates, as Na^HPO, , form white precipitates of phosphates, two-thirds 
metallic, as CaHPO, ; with trimetoUio alkali phosphates, white precipitates 
of phosphates, normal or full metallic, as Caj{PO,), . The precipitates an 
soluble in acetic acid, and in the stronger acids. Concerning the am- 
monium magnesium phosphate, see §189, dt/. 

Magnesium salts with ammonium liydroxide give a precipitate of double 
ftyrophosphate, soluble in alkali pyrophosphate solution. 

Magnesium salts with ammonium hydroxide are not precipitated by 
•oluble m eta phosphates unless very concentrated. 

Ammonium molybdate, in Its nitric acid solution (§76, 6d), furnishes an 
exceedingly delicate test for phosphoric acid, giving the pale yellow pre- 
eipitato, termed ammonium phospkomoli/bdate. The molybdate should be 
in excess, therefore it is better to add a little of the solution tested (which 
must be neutral or acid) to the reagent, taking a half to one cc. of the 
latter in a test-tube. For the full delicacy of the test, it should be set" 
aside, at 30° to 40°, for several hours. 

Ammonium molybdate reacts but slowly with raeta or pyrophosj^te 
solutions— and not until orthophosphoric acid is formed by d^eslion wiik 
the nitric acid of the reagent solution. 
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B. — With iHw-metols and their o{anponnda.-^Phosphori(> acid k not 
reduced by any of the reducing acids. PKoephates of the first tvo groups 
are transposed by E^S, and of the first four groups by alkali sulphide^ 
with formation of a su1)>hide of the"'metal, except AI and Cr , which form 
a hydroxide; phosphoric acid or an alkali phosphate is also formed. 
HCl , HVO, , and H2SO4 transpoBe all phosphates and all are transposed 
by acetic acid except those of "Pb , Al and Pe'" phosphates. Sulphurous acid 
transposes the phosphates of Ca , Ug , Un , Ag , Fb , and Ba , also the 
arsenite and arsenate if calcium (Gerland, J. C, 1872, 25, 39), Excess of 
phosphoric acid completely displaces the acid of all nitrates, chlorides, and 
Bulphatea upon evaporation and long-continued heating on the sand bath. 

7. Ignition with metallic magiiHiluni (or Bodium) reduces phoephoruB from 
phosphates to inag'nesititn phosphide, P^Hg, . recog'tiizcd by odor of PH, , 
formed on contact of the phoKphide with water. A bit of magneuium wire (or 
of sodium) is covered with the previously ignited and powdered substance in 
a glass tube of the thickneas of a straw, and heated. If any tombination of 
phosphoric noid is present, vivid incandescence will occur, and a black tnasa 
^11 be left. The latter, crushed and wet with water, gives the odor ofV"*^" 
phorus hydride. 

Orthophosplioric add heated to 213° forms pyrophosphoric acid: when heated 
to dull redness the meta acid is obtained, which sublimes upon further heating 
without change. Phosphoric anhydride, P,0, , cannot be prepared by ignition 
of phosphoric acid. THbasic ortho phosphates, normal pyrophosphates, and 
meta phosphates of metals whose oxides are not volatile and not decomposed 
by heat alone are unchanged upon ignition. Dimetallic orthophosp hates, 
iTiEPO, , are changed to normal pyrophosphates upon ignition; als o tr ibasic 
orthophosphates when one-third of the base is volatile, e. g.. UgllH.FO, . 
Mono-metallic or primary orthophosphates. M'H,PO, , become met a phosphates; 
also secondary or tertiary orthophosphates when only one atom of hydrogen 
is displaced by a metal whose oxide is non-volatile, e. p., NalfH.HPO, . 
Acid pyrophosphates, 1E',H,P,0, , foi-m metaphosphatea. When meta or pyro- 
phosphates are fused with an exceea of a non-volatile oxide, hvdroslde or 
carbonate the tertiary orthophcsphate Is formed {WntU\ 1894. IV, 106). 

Phosphates of Al , Cr , Fb , Cu , Go , NI , Mn , Ol and IT when heated to a 
white heat with an alkali aulphate form oxides of the metaia and an alkali 
tribasic orthophoaphate; phosphates of Ba, Sr, Ca , Itg, Zn and Cd form 
donble phosphates, partial transposition taking place (Derome, C. r., ISTB, 89, 
952; Qrandeau, i. Cfl., 1886, (6), 8, 193). 

8. Seteotion. — ^The presence of orthophosphoric acid in neutral or acid 
solutions is detected by the use of an excels of an ammonium molybdate 
Bolution {§76, 6d). With pyro and metaphosphorie acids no reaction is 
obtained except as they are changed to the ortho acid by the reagents 
used. Disodium phosphate, KajEPO^ , after precipitation with silver 
nitrate, reacts acid to test papers. With trisodinm phosphate the foIu- 
tion is neutral (distinction). Orthophopphates are di-^tinguished from 
pyro and metaphosphatt'S by the color of the precipitate with silver nitrate : 
AgtPO, is yellow, Ag^FiOf and AgFO, are white. Also by the fact that 
only the ortho acid ia precipitated by ammonium molybdate. Nuarly al! 
pyrophosphates are soluble in sodium pyrophosphate, Na^F^O, (distinc- 
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iion from orthophoBphates). Hager (J. C, 18.3, 26, 940) gives a method 
for detecting the presence of HjFOg , E,AaO, , or HNO, in HjFO^ . Sodium 
metaphoephate does not give a precipitate with ZnSO, cold and in excess; 
with ITa^FjO, and K&^j'Bfij a white precipitate of Zn^fij is obtained 
<Knorre, Z. angew., 1892, C39). 

9. EstimatloTi.. — (a) By precipitation as magneeium ammonimn phosphate 
HgKSiFO, , and ignition to the pyrophosphate, (b) By precipitattoD aod 
weighing a.E lead phoaphate, Pb,(PO,), . (c) By precipitation from neutral or 
-acid solution by. ammonium molybdate and after drying at 140° weighing ■■ 
ammonium phoaphomolybdate. Consult Janovsky (J. 0., 1873, S6, 91) for a 
review of all the old methods. 



§2M. Sulphur. 8 = 32.07 . Usual valence two, four and eix. 

1. PrapertieB.— Sulphur is a solid, in yellow, brittle, friable massea (fma 
tnelUng) ; or in yellowish, gritty powder (from avbllmation) or in nearly whit^ 
alightly cohering, finely crystalline powder (by precipftation from its com- 
pounds). At —50° it ia white (Sehoenbein, J. jtr., 185S, 55, IGl), The gpeeifie 
erarilv of native sulphur ia 2.0348 (I'laati, B., 1874, 7, 361). Melting point. 111* 

(Quincke, J., 1868, 31). Boiling point, 444.53° (Cellendnr and Grifntha, C. .V., 1S91. 
03, 2). Vapor densilti at 1160° ia 34, indicating that the molecule is 8, (Binesn, 
C. r., 1859, 49, 799); but at lower temperatures the molecule seems to vary from 
8, to S, . Sulphur is polymorphous, existing in varioua crystalline forma, 
rhombic, monoclinic and triclinic eystema, and also in amorphous conditions. 
It is also classified b.y the relative solubilities of the varioua forms in carbon 
disulphide. In chemical activity, volatility and other properties it stands as 
the second member of the Oxygen Series: O, 16.000; B, 32.07; Se, 79.2; and Te. 
127.5. On being heated it melta at 111° to a pale yellow liquid; aa the tempera- 
ture riBes it grows darker and thicker, until at about 1S0° it ia nearly solid, 
8o that the diah may be inverted without spilling. At 260° it a^in becomes a 
liquid as at first; and at 444.53° it boils and is converted into a brownish-red 
vapor. If it ia slowly cooled, exactly the same physical changea take place in 
the reverse order, becoming thick at 180° and thin again at 111°, and at lower 
temperatures solid. If, at a tempprature near its IJoiling point, it is poured 
into cold water, it forms a, soft, ductile, elastic string, resembling india-rubber. 
In a few hours thia ductile sulphur changes back to the ordinary form, the 
change evolving heat. But if poured into water from the other liquid form — 
that is, at 111°— it forma only ordinary, brittle sulphur. In contact with air 
sulphur ignites at 24B° (Hill, C. N.. 1890. 61, 125): burning in air or osygen 
with a pale blue ilame and penetrating odor to SO, . 

The isolated oxidea of sulphur are SO, , SO, , S,0, and B,0, . Sulphur and 
oxygen combine directly to form SO, and SO,: the former by burning sulphur 
in oxygen, the latter by the action of ozone upon 80,: also by burning sulphur 
with o-typjen under several ntmospheres pressure, S,0, is made by dissolving 
sulphur in sulphur dioxide; 8,0, by the action of the electric discharge upon 
a mixture of SO, and . 

2. Occnrrence.— (a) I'ound in a free state, and as SO, in volcanic districts. 

(b) As H,S in some mineral sprinRs. (c) As a sulphide: iron pyrites, FeS,: 
copper pyrites. Cul'e8,; orpiment, As,S,; realgar. As,8,; zinc blende, ZnS; 

cinnabar, HgS; galena. PbS. (il) As a snlphate: (rvpsum, CaS0..2H,0: he-avy 
spar. BaSO.; kieaerite. MgS0.,H,0; bitter spar (Epsom salts). Hg60.,7H,O; 
fllauber salt. Ka580..10H,0 . etc. 

n. Formation.— (») By decomposing pol.vsulphidea with HCl (Schmidt, Phvr- 
mnt-mtische Cliemie. 189B. 175). (6) By adding an acid to a solution of o thio- 
Bulphate. (c) By the reaction between SO, and H,8: 2S0, + 4H,8 = 38,+ 
4H,0 . (d) By the decomposition of metallic sulphides with nitric acid: 2BIJB, 
+ 18HN0, = 4Bi(NO,), -^ 38. + 4N0 + SH.O . 
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i. Preparation.— (a) The native sulphur is separated /rom the clay and rock 
in which it is embedded, partly by melting and partly by dial illation. (6) 
From F»S, by hi'ating' in close cylinders 3FeS, ^ Ta,8, + S,; or at a hi^ber 
temperature: 2T«B, = SFeS + S, . .Much of the sulphur containpd in pyrites 
Is converted into and utilized as sulphuric acid. 

5. 8olubiUtieB.—OrdJnary(not precipitated) Bulphur is soluble in carbon di- 
■ulphide; the ductile variety is insoluble. There are severs) allotropic forms 
of sulphur. Samples of commercial sulphur are almost never found which are 
entirely soluble or insoluble in carbon dlsulphide. Forms of sulphur insoluble 
in CS, are changed to soluble forms upon heating to the melting point; 
also amorphous sulphur insoluble in CS.. (formed by adding acids to thioRul- 
phates or SO, to H,S) is changed to the soluble form by mixing with a solution 
of E,S in water. It dissolves readily in hot solutions of the hydroxides of 
potassium, sodium, calcium or barium, formintf poly sulphides and thiosul- 
phates: ;,Ca(OH), + OS; = aCaS, + Ca8,0, + :iH,0 . These can be separated 
by alcohol, in which the sulphides dissolve. These products are also readily 
decomposed by acids with separation of sulphur (method of preporntion of 
precipitated sulphur). 

Precipitated sulphur (in analysis. HCl upon (NHJ,S,) is soluble in tienzol or 
low boiling' petroleum ether; of value in analysis for the removal of the sulphur 
to detect the presence of traces of As or Sb sulphides (Fresenius, Z., J89*, 38, 
673). 

6. Besotiotu. A. — With metala and their compoonda.. — Sulphur does 
not combiae with metals without the aid of heat {see 7), except that under 
very great presBure (6500 atmospheres) it combines with Fb , 8n , Sb , Bi , 
Ctt , Cd, Fe, Zn, and Mg (Spring, B., 1883, 16, 999). 

Flowers of sulphur boiled with SnCIj gives SnS and SaClj ; with ^BO, 
almost exactly one-hnlf of the mercury is precipitated as HgS . No actioa 
with sulphates of Cd , Fe", Mn", Ni and Zn ; with acid solutions of SbCl, 
and BiClj ; or with solutions of As" and A»"' (Vortmann and Padberg, 
B., 1889, 22, 2642). Sulphur boiled with hydroxides of K , Ka , HH, , Ba , 
Ca, St, Kg, Co, Ni, Ua, Bg", Bi, Ca', Cu", Cd, Pb, Ag, and Hg' 
forms sulphides and thiosulphates; also some sulphates are formed. No 
action with hydroxides of Fe, Zn and Sn (Senderens, Bl, 1891) (3), 6, 
800). 

B. — With non-metali and their oomponnds. 

1. ECB' warmed with sulphur or a polysulphide becomes a thiocyanate : 
2KCK + S, = 2KCNS or 4HCN + 2(IIHJ,S, = 4NH.CNS + 2HjS + 8, . 

£. HKO, becomes NO and H^SO^ . Strong acid and long continued 
boiling are necessary to the complete oxidation of the sulphur. The 
crystallized Tariety is attacked with much greater difficulty than the 
amorphous or flowers (Saint-Gilles, A. Ch., 1858, (3), 64, 49). 

S. Red phosphorus combines readily at ordinary temperature, forming 
PjSj or PjSa , depending upon the relative amounts of the elements used. 
Ordinary phosphorus eomhinea explosively. See §252, 6. Tribasic sodium 
or potassium phosphate when boiled with sulphur forms alkali polysul- 
phide and thioHulphate, changing the phosphate to dibasic phosphate 
(Filhol and Senderens, C. r., 1883, 96, 1051). 
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i. HjSO^ , concentrated aiid hot, becomes 80, from both the S and the 
H,SO^ : 4H3SO, + Sj = GSO3 + 4HsO . SO, when added to S at 12° 
forms the blue hypoBulphuroua anhydride, SjO, (not the anhydride of 
thiosulphurie acid, SjO,). SO, reacts with S even at ordinary tempera- 
tures, forming thiosulpliiiric acid and tri or tetrathionie acid (Coiefax, 
J. C, 1892, 61, 1!)9). 

5. CI in presence of water forms HCI and H^SO^ . HClOj becomes HCl 
and H,SO. . 

6. Br in presence of water becomes HBr and H,SO, . HBrO, becomes 
EBr and H,SO, . 

7. Sulphur does not appear to have any action upon iodine or upon 
iodine compounds. 

7. Igiiitloii.^Iii tha alx, at ordinary temperatures, finely divided sulphur i« 
Tery slightly oxidized, by ozone, to sulphuric acid: at Z4S° it begins to oxidiw 
rapidly to mitphurout anhydriiU. burning wiih a blue flame. 

Sulphur, when fused with the following elements, combines with them to 
form sulphides: Fb . Ag , Hg . Sn . Aa , Sb , Bl . Cu , Cd . Zn . Co . Ni , fe . 
8r , Oa , Kg , E , Na , In . Tl , Pt . Pd , Bh , Ir . LI . Ce , La , Ne , Fr . 

Bvi— n becomes S" when fused with nlkaline carbonate and nitrate or chlorate. 
That is, free sulphur, 8° , or any compound containing sulphur with valence 
less than six, is oxidized to a sulphate if fused with an alkaline nitrate or 
chlorate, nitric oirfde or a chloride being formed and carbon dioxide escaping. 

8. Detection. — (a) By burning in tlie air to a gas having the odor of 
burning matches, (ft) By its solubility in OS, . (c) By formation of 
E3SO1 with oxidizing agents, (d) By the formation of sulphides upon 
fusion with metals, (e) By the blackening of silver coin after boiliuft 
with alkali hydroxide. (/) Fonnation of reddish -purple with sodium 
nitroferricyanide after boiling with alkali hydroxide, (g) In organic 
compounds by heating with Na and testing the HajS with sodium nitro- 
ferricyanide (Vohl, B., 187G, 9, 875). 

9. Estimation. — Sulphur is usually estimated by oxidation to a sal- 
phate and weighing as BaSO^ ; 



§257. Hydrosnlphnric acid. H,S = 34.086 . 

H',S-", H — S — H. 

1. PropertlM. — MoleeuUir weigM, 34.086. Vapor dentitu, 17. Boiling point, 
— 61,8°. Freezing point, —85.56°. Under a pressure of 14.6 atmospheres it be- 
comes a liquid at 11.11° (Faraday, A.. 1845, 56, 1.-.6). It is a colorless poisonous 
gas. It burns readily, forming sulphur dioxide and water: 2H,S -i- 30, =380, 
-|- 2H,0 . The aqueous solution slowly decomposes upon exposure to the air 
with separation of sulphur. The gas is readily expelled from its aqueous 
solution by boiling; slowly when exposed at ordinary temperature. Both the 
gas and the water solutions have a feebly acid reaction towards moist litmiiR 
paper. They also possess a strong characteristic odor, resembling that of 
rotten eggs. In acid or in alkaline solutions it is a strong reducing agent. 
See 6. 

- - ,;lc 
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■ 8, Occnnence. — Found free in volcanic guses and frequently in mineral 
springs. While the inhaled gaa is poiGonouB, the iQineral waters containing it 
are reputed to be a healthful beverage. 

3. Formation of HydroBulphuric Ajcid. — (a) By direct union of the elements 
when passed over pumice stone heated to 400° (Corenwinder, A, Ch., 1852, (3), 
34, 77). ((J) Healing- paratlin or tallow with sulphur (Fletcher, C. A'., 1S7U, 40, 
154); and by passing illuminating gas through boiling sulphur (Taylor. V. If., 
1883, 47, Us), (f) The sulphur in cual becomes H,S in the process of gas- 
making, (d) From steam and sulphur at i-lO". (e) Often occurs in nature from 
reduction of gypsum by decaying organic matter (Myers, J. pr., 1HC9, 108, 123). 
(/) Transposition of sulphides by hydracids or by dilute phosphoric or dilute 
sulphuric acid, {g) Decomposition of organic compounds containing sulphur. 

Formation of Sulphides. — {1) By fusion of the metals with sulphur, see 
S2Se, 7. (3) By action of H,S upon the free metals, hydrogen being evolved. 
With Hg and Ag this occurs at ordinary temperature, but with most metals a 
higher temperature is needed. (J) Action of E,B on metallic oxides or 
hydroxides. Those sulphides which are decomposed by water (e.g., Al,8, , 
Cr,S,) are not formed in its presence, but by action of H,8 upon the oxide at 
& red heat. (4) By action of soluble sulphides upon metallic solutions. The 
ordinary sulphides of the flrst four groups are formed thus, except ferric salts. 
which ore precipitated as PeS , and elumiiium and chromic salts as hydroxides. 
(5) By action of CS, upon oxides at a red heat. (6) By action of free sulphur 
upon oxides at a red heat. (7) By the action of charcoal upon the oxyacids of 
sulphur at a red heat in presence of an alkaline carbonate. To prepare a 
sulphide absolutely arsenic free, take BaSO, , 100 gramR: coal, pulverized, 2.'> 
g'rame; and HaCl, 20 grams, mix, ram into a clay crucible and ignite to a 
white heat for several hours (Winkler, Z., 188B, 27, 26). (fl) By the action of 
zinc amalgam on sulphuric acid (Woiz. C. N., 1871 23, 245). (9) As a reagent 
for the formation of metallic sulphides in analysis it is recomniendpd by 
Schifr and Tarugi (B.. 1894, 27, 3437), Schiff (B.. 1895, 88, 120+), and Tarugi 
(Gazzetta, 1865, 25, i, 2G9), to use nmmonium thioacetnte, CHiCOSNH,: prepared 
by distilling a mixture of phosphorus pentasulphide and glacial acetic acid 
(300 grama each) with 1"pO grams of craclted glass. A large distilling flask is 
used and the distillate is ccillerted to 103°. It is then dissolved in a slight 
excess of ammonium hydroxide, diluting to three volumes from one volume 
of the acid. Salts of tlie metals of the first two groups in acid solution are 
readily precipitated as sulphides upon warming with this reagent. 

1. 2Fe + S, = 2FsS 

8. 2Ag + H,S = Ag.S + H, 

S. Pb(OH), + H,S = FbS + 2H,0 

4Fe(0H), + 6H,S — ^FeS + 8, + 12H.0 

i. 4FeCl, + 6(NH.),S = 1F8B + S, + 12NH.C1 

5. 2CaO + CS, = 2CaS + CO, 

S. 4CaO + 38, = 4Ca8 + 280, 

7. K,80. + 2C = K,8 + 2C0. 

4. Freparation. — For laboratory purposes it is nearly always made by 
adding H^SO^ or HCl to FeS . The ferrous sulphide is prepared either 
by fusion of the iron with the sulphur, or by bringing red hot iron rods 
in contact with sticks of sulphur, and is made to drop into tubs of cold 
water. Dilute H,SOi should be used : FeS + HjS04 = FeSO^ + HjS . 
Concentrated H^SOj has no action on FeS , unless heated and then SOj ia 
evolved : 2FeS + lOHjSO, = Fej(S0j3 + SSO^ + lOH^O ; and frequently 
free sulphur is formed by the action of the HjS upon the SO, first formed. 

I The colorless ammonium salplude, (NHJ,8, is prepared by saturating 
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ammoTiium hydroxide with H,S uDtil a Bample will no longer give a pre- 
cipitate with a Bohition of magnesiiun sulphate; ehowing that aminoniura 
hydroxide is no longer present. Upon standing the solution gradnally 
becomes yellow with formation of the polysulphides or yellow aininoiiiBffl 
salphide, (NHj),S, This may be hastened by the addition of sulphur 
(Bloxam,/. C, 1S95, 67, 277). 

Sodiom snlphide, Ka,S , is prepared by neutralizing an alcoholic solution 
of NaOH with H^S and then adding an equal amount of NaOH and allowing 
to crj'stallizc; air being excluded. The various poly sulphides, Na,St to 
Ka^S, , are prepared by boiling the normal sulphide with the calculated 
amounts of sulphur (Boettger, A., 1884, 223, 335; Geuther, A., 1884, 224, 
201). 

5. Solubilities. — At 15° water dissolves 2.66 volumes of the gas H,8. 
Sulphides which dissolve in dilute H^SO, evolve H^S, e. g., CdS, PeS, 
UnS, ZnS, etc. But if a sulphide requires concentrated E^SO, for its 
solution; S and SO, are formed or SO, alone; e. g., Bi,S,, CuS, HgS. If 
concentrated H^SO, be used upon a sulphide that might have been dis- 
solved in the dilute acid, then no H,S is evolved : ZnS + 4H,S0< = ZnSO, 
+ 4S0, + 4HjO. Or with a small amount of water present: SZnS + 
4K^S0, = 2ZnS0, + S, + SSO^ + iK^O . The sulphur of the zinc sul- 
phide is oxidized to free sulphur and that of the sulphuric acid is reduced 
to sulphur dioxide. SgS is almost insoluble in HlTOj, dilute or concen- 
trated, readily soluble in chlorine, nitrohydrochloric acid, or chloric acid 
if hot. Most other sulphides are soluble in hot HNO, (§74, 6e). Long 
continued boiling with water more or less completely decomposes the sul- 
phides of ^ , Ai , Sb , Sn , Fe , Co , Ni , and Xn ; no effect with sulphides 
of H^, An, Ft, Ho, Ca , Cd, and Zn (Clermont and Frommel, A. Ch., 
1879, (5), 18, S03). 

As a reagent, hydrosnlphoric acid, gas or solution in water finds ex- 
tended application in the analytical laboratory. The gronping of the 
bas«a for analysis depends very largely upon the relative solubilities of the 
sulphides- Hydrosulphuric acid in alkaline solution, alkali sulphide or 
polysulphide, is s scarcely less important reagent, being especially valuable 
in the subdivision of the metals of the second group. 

The sulphides of the first four groups are insoluble. HydrosslpIiiiTio 
acid transposes salts of the first two groups in acid, neutral, and alkaline 
mixtures, except arsenic, which is generally imperfectly precipitated un- 
less some free acid or salt that is not alkaline to litmus be present. The 
result is a sulphide, but mercurosum forms mercuric sulphide and mer- 
cury, and arsenic acid may form arsenous sulphide and free sulphur. 
Ferric solutions are reduced to ferrous with liberation of sulphur. In acid 
mixture other thirtl and fourth group salts are not disturbed, but from 
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BolatiotiB of their normal salts traces of cobalt, nickel, manganei^^, anil 
zinc (§13S, 6b) are precipitated. 

Soluble aalphidei tranepose salts of the first four * groups. The result 
is a Bulphide, except that with aluminum and chTomium salts it is a 
hydroxidC) hydrosulphurie acid being evolved. With mercurous salts, 
mercuric sulphide and mercury are formed; with ferric salts, ferrous sul- 
phide and sulphur. 

The precipitates have strongly marked colon — that of zinc being while; 
manganese, flesh colored; those of iron, copper, and lead, black; arsenic 
stannic and cadmium, yellow: antimony, orange-red; stannous, brown; mer- 
cury, successively white, yellow, orange, and blach. 

6. ReaotioM. A. — With metals and their componnda.— Some metals 
are converted into sulphides on being treated with hydrosulphurie acid; 
e. g., h% , Cn, Hg^, etc. The alkali polysulphides slowly attack many 
metals with formation of sulphides: Sn becomes M'^SnSg ; Ag becomes 
AgjS , no action with colorless (KH,)jS ; Ni forms NiS ; Fe , FeS ; Cu , 
CnS and then Cu^S (with colorles!) ammonium sulphide, (NH4)iS, Co^S 
is foiroed with evolution of hydrogen) (Priwozink, A., 1872, 164, 46). 

The hydroxides or non-ignited oxides of Pb", h% , Hg", Sb , Sn , Bi"', 
Cu, Cd, re", Co", Ni", Mn", Zn, Ba, Si, Ca, Mg, K, Ha, and HH^ 
unite with moist HjS at ordinary temperature to form sulphides without 
change of the valence of the metal. In other cases the valence of the 
metal is changed, usually with liberation of sulphur. 

1. Pb"+'' becomes PbS and S . 

S. As^ in acid solution forms some Aa,8, and 8 . See §69, 6e. 

S. ^' becomes HgS and Hg . 

4. Cr^' becomes Cr"' and S, if the HjS be in excess: SKjCTjO, + 8H,S 
= 4Cr(0H), + 3Sj -|- SK^S + SH^O . 

5. Fe'" becomes Fe" and S : 4FeCl3 + SH^S = 4FeClj -f- 4HC1 -f- Sa . 
If the solution be alkaline FeS is precipitated: 4FeCl, + 6K,8 = 4?eS + 
12KC1 + S, . 

e. Co"+» becomes Co" and 8 , 

7. Ni"+'' becomes Ni" and 8 . 

8. Mn"+' becomes Ma" and 8 . In alkaline solution with excess of 
SHilO^ , an alkali sulphate is formed and UnOi : SEMnO^ -(- SE^S =: 
3K,S0^ -I- 4X^0 + 8MnO, {Sehlagdenhafen, Bl, 1874, (2), 22, 16). 

In the above reactions, if an alkaline sulphide be used instead of hydro- 
):ulphuric acid, the metal will be precipitated as a sulphide with the 

• The normal fixed alkali lulphidea (H*,fl, K,s:, jjrcclpltate ealutlons of calcium and mar* 
nealum MItS as tbe bydroildos : Ca«C,H,0,i, -(- 3^a,B + iH,0 = TbiOHI, -h £?laC,H,0, + 

SnatlS. No reaction with the acid Hxed alkali sulphldM (MaHS, KBB) or with ammonluiii 
«alpUdea (Pelonis, A. Ch., 1B69, ((}, 7, Vnt,. 
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formation of an alkali hydroxide ; except that the arsenic will remain in 
solution (§69, 5c) and the chromium will be precipitated as the hydroiiile. 
Dry HjS has no aetion on the dry salta of Fb, Ag>, Hg, As, Sb, Sn. 
Bi, Cu, Cd, or Co ; nor does it redden dry blue litmus (Hughes, Phi 

Mug., 1892, (5), 33, 471). 

Many insoluble siilphideE. freshly precipitated, transpose the solutfoDK nf 
otlier metnllic salts. In some cases the action is quite rapid at ordinary tem- 
perature, in others tongr-con tinned heatinp: (several hours) at 100° is necesMry, 
PdS is formed by action of PdCl, with sulphides of a)l the metale following in 
the aeries below named, but PdS is not transposed by solutions of the metals 
following. Silver salts form Ag,8 with sulphides of the metals following in thf 
series but not with sulphides of Pd and Hg , etc.: Fd , Hg , Ag. Ca. Bf , Cd. 
Sb , Sn , Fb , Zn , Nl , Co , Pe , Aa . Tl and Hn (Schiirmann, A.. 1888, 249, 326). 

B. — With noa-metali and their compounda. 

1. H,Fe(CW)s becomes H,re(Clf), and S. Proof: Boil to expel the 
excess of hydrosulphurie aeid, then add ferric chloride (§186, 66). 

2. ENO, becomes HO and S . If the HUO, be hot and concentrated the 
anlphur is oxidized to sulphuric acid. 

S. IL^ has no reducing aetion on the acids of phosphorus. 

J,. H^SOj becomes pentathionic acid, H^SgOg, and sulphur: 10H,S0, + 
lOHjS — 2HA0a + 5S, + 18H,0. With excess of H^S the product i* 
entirely free sulphur from both compounds: ^H^SOa + 1H,8 — 3S. + 
€HjO (Debus, /. C, 1888, 53, 283). 

H..SO, , dilute no action: concentrated and hot, S and SO, are formed: 
2HjS0, + 3H,S ^ S, + 2S0, + 4H,0 (§256, &BJ,). 

5. 01 with HjS in excess forms HCl and S ; with CI in excess forms HCl 
and H,.S0, , 

HClOj with HjS in excess forms HCl and 8 ; with HClOj in excess HCl 
and H^SO^ . 

6. Br with H.S in excess forms HBr and S ; with Br in excess HBr and 
B,SO, . 

HBrO., with H^S in excess forms HBr and 8 ; with HBrO, in excess HBr 
and H3SO, . 

7. I become? HI and S (Filhol and Mellies, A. Ch., 1871, (4), 22, 5S). 
HIO, becomes HI and S . 

7. Ignition. — Dry hydroaulphuric aeid (fas la not decomposed when heated to 
SBfl" to 3<30°. At this temperature AaH, in presence of potassium polysulphiilc. 
K,S, , (frer of gulpfiur, is decomposed: 2AbH, + SEtSi ^ SE|AsS, + SH^S: 
thus furnishing a ready means of purifying H,S for toxicological work (S«B. 
«'6) (Pfordten. B., 18H4. 17, 2BB7>. 

If air be excluded some sulphides may be sublimed unchanged; e.g., HgS. 
As,S, , Aa.S, , Sb,S, , etc. In some cases part of the sulphur is separated, 
leaving a sulphide of a lower metallic valence: 2FeS, = 2TtlB + 8, . Some 
sulphides remain unchanged upon i^ition in absence of air; e.g., PeS , KnS. 
CdS . etc. All sulphides suffer some chanpe on being if^nited in the air: some 
slowly, others rapidly; S1>|S, , CuS, Al.Q. , Cr,Si , etc., evolve SO, and leave 
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tbe oxide of the metal; HgS . Ap,S , etc., evolve SO, and leave the free nietal. 
AH BiiIphideH, aa well as all other compounda of aulphur, when fused with KNO, 
or KCIO, io presence of an alkali carbonate are oxidized to an alkali sulphate; 
fomiingr NO or KCl and evolving CO, . The metal is changed to the carbonate, 
oxide or the free metal (!228. 7). 

When Ignited on charcoal with, aodluia carbonate — or {distinction from 
tulphatM) if ignited in a porcelain crucible with sodium carbonate— soluble sodivm 
nuIphldM are obtained. The production of the sodium eulphide is proved by the 
black stoin of Ag,8 , formed on metalHj silver hy a moistened portion of the 
fused mass. (Compounds of aelenium and tellurium, SSllZ and 113.) 

8. Detection. — (a) The odor of the gas constitutes a delicate and char- 
acteristic tcBt when not mixed with other gasea having a strong odor. 
(b) The gas blackens filter paper moiatened with a solution of lead ace- 
tate, delicate and characteristic. In the detection of traces of the gaa, 
a slip of bibulous paper, so moistened, may be inserted into a slit in the 
smaller end of a cork, which is fitted to the test-tube, wherein the material 
to be tested is treated with sulphuric acid; the tube being set aside in a 
warm place for seyeral hours. If any oxidizing agents are present — as 
chromates, ferric salts, manganic salts, chlorates, etc. — hydros ulphuric 
acid is not generated, but instead sulphur is separated, or sulphates are 
formed (6). (c) Thi' gas blaekons pilvor nitrate solution, delicate but 
PHj , AsHj , and SbH, also blacken silver nitrate solution, {d) By its 
Tiiducing action upon nearly all oxidizing agents with separation of sul- 
phur, which is detected according to §256, 8. EHnO, is perhaps the most 
delicate test but the least characteristic, (e) Its oxidation to a sulphate 
is characteristic in absence of other sulphur compounds. This method 
is usually employed with sulphides not transposed by dilute HjSO, ; 
chlorine, nitrohydrochloric acid or bromine being the usual oxidizing 
agents. Also, these sulphides and certain supersulphides, attacked with 
difficulty by acids, as trow pi/rites and copper pyrites, are reduced and 
dissolved, with evolution of hi/drosulphuric acid, by dilate sulphuric acid 
witit zinc. The gas, with its excess of hydrogen, may be tested by method 
(/). (/) Sodium nitroferricyanide gives a very delicate and characteristic 
test for HjS as an alkali sulphide. The gas is passed into au excess of 
alkali hydroxide; and to this mixture the reagent is added, producing a 
transient reddish -purple color. Free H.S, dilute, remains colorless; a 
concentrated solution gives a blue color, due to the reducing action of 
the HjS on the ferricyanidc. 

For method of separation of the various sulphur compounds from each 
other consult Kynaston (/. C, 1859, 11, 166) and Bloxam (C. N., 1895, 
72, 63). 

9. EBtifflation. — Sulphides are usually oxidized to H.jSO, (by chlorine, 
bromine, or nitrohydrochloric acid, or by fusion with ENO, and Na^COt) 
precipitated with BaCIj and weighed as BaSO^ . 
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. Thioralphnric acid. H,S,Ot = 114.166 . 
Dithionous acid. 



H'.CSarO-",, H— — 8 — 8— H.» 



1. Propertlaa. — Thloeulpbnric acid, HtB,0, (formerly called hrpoBulphnroai 
acid), has not been isolated; but it almost certainly exists in dilute soIutioDi, 
when B dilute weak acid is added to a solution of eodium thiosulphate, N&,S,0, , 
soon bef^nning' to decompose into H,SO, and S (Landolt, B., 1883, 16, SytJS). 
The thiosulphates are not particularly stable compounds, some decomposing' 
almost immediately upon forming; e.g., mercury tblosulphatea. Alkali thio- 
sulphates decompoKe upon heating- into sulphate and polysulphide: 4ila,S,0, =: 
3Na,S0, + Na,S, . Other salts give also S and H,S . Boiling solutioti of a 
thiosulphate gives a sulphate and HiS or a sulphide of the metal. 

E. Occunence. — Not found in nature. 

3. Formation. — Thiosulphates are formed by the oxidation of alkali or 
alkaline earth polysulphides by exposure to the air or by BO, or K,Cr,0,: 
ECaS, + 30, = ECasA + 3S,; 4Na,8. + 680, = 4Ha,S,0. + 9S,; 2K,S, + 
4K,Gr,0T + 13H,0 = 5K,S,0, + 8Cr(0H), + 3K0H (Doepping, A., isrs. 46, 
172; Ctieront, C. r, 1872, 76, 1276). Also by heating ammonium sulphate with 
phosphorus pentasulphide (Spring, B.. 1ST4, 7, 113T). 

4. Preparation. — Thiosulphates ore prepared by boiling sulphur in a solu- 
tion of normal alkali sulphite: 2Na,SO, -|- 8, = 2Na,S,0, . Fixed alkali or 
alkaline earth hydroxides with sulphur also form thiosulphates: 3Cb(0H>, + 
6S, = ECaS, + CaS,0, + 3H,0 (Filhol and Senderena. C. r., 1883, 96. s;iB: 
Senderens, f. r., 18«7, 104, 5N). Commercial sodium thiosulphate is prepared 
by passing SO, into "soda waste" suspended in water, calcium thiosulphaTe 
bein^r formed. This la treated with sodium sulphate, filtered and eraporati^ 
to crystaltizution, 

5. Bolubilities.— The larger number of the thiosulphates nre BoInbl« In water: 
those of barium, lend and silver being only very aparingly soluble. The thio- 
Bulphatee are inaolubie in alcohol. They are decomposed, but not fully dis- 
solved, by acids, the decompoHition leaving a residue of sulphur. 

Alkali thioBulphote solutionB dissolve the thiosulphates of lead and silver; 
also the chloride, bromide and iodide of silver, and mercurous chloride: the 
iodide and sulphate of lead: the sulphate of calcium, and some other precipi- 
tates—by formation of soluble double thiosulphalet: 
A.g,S,0, + Na,S,0, 3=2HaAgS,0, 
AgCl + Na.a,0, = NaAgSjO, 4- NftCl 
PhSO. + :jNa,8,0, =Na.Pb(S,0.), + Na,SO, 

6. lUactiolU,— i.— Wltli metalB and their compounds.— With soluble thio- 
sulphates. solutions of l«ad and allTot salts arc precipitated as thiosulphates, 
white, soluble in excess of alkali thiosulphate. These precipitates decomprce 
upon standing, rapidly on warming, into sulphides and sulphuric acid: Ag.S.O. 
-f H,0 = Ag.S -I- H,S0. . Soluble msrcury aalta with sodium thiosulphat* 
form a white precipitate, almost instantly turning black with decomposition to 
mercuric sulphide. Na,S,0, blackens HgCl . a portion of the mercury going 
Into solution, colorless, re precipitated black upon warming. 

Acid solutions of arsenic and antimony are precipitated by hot solution of 
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Nk,8,0, SB sulphides, Aa,8, and 8b|S, (a Beparation from tin,* which is not 
precipitated) (Be, SS69, 70 and 71). Solutions of copper uilts with thiosnl- 
phates, on long standing, precipitate ciiproue salt, changed by boiling to 
cuprous sulphide and sulphuric acid (separation from cadmium, 578, OC). 

Solutions of f«nic salts are reduced to ferrous salts with formation of sodium 
tetrathionate: 2reCl, + 2Na,S,0, = sreCl, + SNaOl + Na.S.O,: used as a 
quantitative method of estimation, with a few drops of potassium thiocyanate 
as an indicator. Chromic aold (chromatea in acid solution) are reduced to 
chromic salts with oxidation of the thiosulphate. 

Permanganatea in neutral solution become manganese dioxide, in acid solu- 
tion the reduction is complete to manganoua salt, a sulphate and dithionate 
being formed (Luckow', Z., 1893, 32, 53). 

Barium chloride forms a white precipitate of barium thlosulphate, B«S,0, , 
nearly insoluble in water. Oalclniti chloride forms no precipitate (distinction 
from a sulphite). 

B. — With non-metals and their compounds. — When thlosnlphates are decom- 
posed by acids, the constituents of thiosulphurlc acid are dissociated as sul- 
pburoua acid and sulphur. Nearly all acids in this way decompose thiosul- 
phates: SN&,S,0. -f 4EC1 = 4NaCl -|- SH.SO, -|- S, . 

ThJosulphatea are reducing- agents— even stronger and more active than the 
sulphites to which they are so easily converted. This reduction is illustrated 
by the action on arsenic compounds, on fi-rric salts and on chromatea and 
permanganates as given above. Also the halogens- are reduced to the halide 
salts forming a tetrathionate: 2Na,S,0, + I, = 2NaI + Na,S.O, . If chlorine 
or bromine be in excess the tetrathionate is further oxidized to a sulphate: 
lTa,S,0, + 4C1, -H 5H,0 = Na,SO, -f H,SO, + 8HC1 . Chloric, bromic and 
iodic ocida are first reduced to the correaponding halogens and then with an 
excess of the thiosulphate to the halides. always accompanied with the separa- 
tion of sulphur. Nitric acid Is reduced to nitric oxide with the separation ot 
sulphur. 

7. Ignition. — On Ignition, or by heat short of ignition, all thiosulphates are 
decomposed. Those of the alkali metals leave sulphates and polysulpbides (a), 
others yield sulphurous acid with sulphides, or sulphates, or both. The 
capacity of thiosulphates for rapid oxidation, renders their mixture with 
chlorates, nitrates, etc., explosive, in the dry way. Chlorates with thiosulphates 
explode violently in the mortar. Cyanides and ferricyanldeH. fused with thlo- 
■ulphates, form tbiocyanates, which may be disaolved by alcohol from other 
pri>diictH. By fusion on charcoal with Na,CO, , thiosulphates form sulphides 
(6) and (o); and by fusion with an alkali carbonate and nitrate or chlorate, 
s sulphate fs formed (d). By ignition of a metallic salt with NaiS,0, in a 
dry test-tube the characteristic colored sulphide of the metal is obtained 
(Landauer, B., 1ST2, 6, 406). 

(a) 4Na,S,0, = Na.S, + 3Na.S0, 

(b) Na,S,0. + Na,CO, + SC = SNa.B + 3C0, 

(c) aPhB,0, -I- 4Ka,C0, -I- 5C = 4N*,S + 2Pb4-9C0, 

(d) 3Na.S,0, 4- 3Ka,C0, -|- 4XC10, = 6Na,SO, + 4KC1 + 3C0, 

B. Detection.— In anAlyals, thiosulpbatea are distlngniahed by giving a pr«- 
-^pitate of sulphur with evolution of aulphurous anhydride when their solu- 
tions are treated with hydrochloric acid; by their intense reducing power, 
•Iiown in the blackening of the silver precipitate; and by non-precipitation at 
«alcinm salts. 

The precipitation of gulphvr viith evolution of sulphunms anhudride, by addition 
of dilute acids — as hydrochloric or acetic — is characteristic of thiosulphates. 
It will be understood, however, that in presence of oxidizing agents, which can 
be brought into action bj the acid, sulphides will likewise give a precipitate of 

•AccoidJng to Vortmann (If.. 1886. T, tlSl sodium thlosulphstv mar be used Instead of tardra 
•oll^urlo add In the second ffionp of bases. An ezoesa of the reagent li to be avoided m»\ 
allito aeld sbpold be atweat. 
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In the preBence of a eulphate and sulphite the thfosulpbnte is detected u 
follows: Add BaCl, and NH.CI in excess, then HCl to aolution of all but Ihe 
BaSO, . Filter and treat the filtrate with iodine, forming B&SO, of the SDlpbile 
and BaS,0, of the thiosulphate. Filter and add bromine to the filtrate, which 
then forma BaSO, (Smith, C. N., 1805, 72, 38). 

9, Estimation.— By titration with a atnndard solution of iodine, or by tilrst- 
Id^ the iodine liberated by a standard solution of potassium dichromate (1)125, 
10, and 879, 6B7). 



§209. HypcMolpliQroai acid. H,SO, = 66.086 . 

(Sydrosvlpkurous or dilhionoun acid.) 
H',S"0-'',, H — — S — H. 
II 


Obtained by Schiitzenberper (C. r., isr.n, 69, liHl) bv the action of zine nn 
sulphurous acid: Zn + 280, + H,0 = ZnSO, + H^SO, . The sodium salt ii. 
formed by treatiii)f a conceiitrat«d solution of ^oilium aeid sulphite with x'me 
tUiags: Zn + 3HtiHS0, = ZnSO, + Na,SO. + NaHSO, + H,0 . In the forma- 
tion of the free acid or of Ihe sodium salt no hydroRen is evolved. It is a vitj 
unstable compound, a stronff reducing anient. rii|)id]y absorbs oxygen from the 
air, becoming sulphurous add or n sulphite. Aecording^ to Berntheen |B., l^^l. 
14, 138) the sodium salt does not contain hvdrogen. He gives the formula as 
Ifa,S,0.: Zn + jNaHSO, = ZnSO, + Ha,Sb, + Na,8,0. + 3H,0 . It is used 
In the preparing of indigo white for the printing of cotton fabrics. See also 
Duprfi. J. C, ISBT, 20, 291. 



. DithioBic acid. H^S^Og^ 163.166 . 





Known only In the form of its salts and us a solution of the add in walei-. 
The free acid or the anhydride has not been prepared. The roonganous salt 
is preparfd by the action of a solution of sulphurous acid upon manfcaneue 
dioxide at a. low temperature: HnO^ + SH,SO, ^^ MiiS,0, + SH,0. Similar 
results nre oi)tainFd with nickelic or ferric ovidea (Spring and Bourgeoie. Bl.. 
ISKfi. 46, 151). The acid ia obtained by treatinjr the manganoua salt witli 
Ba{0H)5 and the filtnite from this with the calculated amount of H;SO, . 
It is a colorless solution and may be evnTwrntcd in n vacuum nutil tt has n 
speciiie gravity of 1.r!4T. It decoinposeK upon further heating: H-S^O. = H:SO, 
-f SO,. All other (hionic mmimunil* daniinpof iipiiit heating irith nrparaiion if 
Hiilphvr. Uy exposure to the air dithionic acid ia oxidined to sulphuric aciil. 
All dithionntes are soluble jn water and mav be puriRed by evaporation and 
crystallization (Gelia, A. Ch., l.sr,3, (3), 65, a:;o). 

Dithionic aeid is also prepared bv caretullj adding a potassium iodide solu- 
tion of iodine to sodium acid sulphite (Hoist and Otto. Arch. Pharni.. 1R91. 229, 
171); Spring and Bourgeois (Arch. Pharm., 1891, 228, TOT) contradict the above 
■tatement. 
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§261. Trithionio acid. H,S,0, = 194.226 . 

-0 

II II 

H',(S,)''>0-%, H — — S — S — S — — H. 
II II 



The free acid and anhydride are not known. The iwtaEsium salt is prepared 
by boiling potassium aeid-aulphite with sulphur (a); by treating potassium 
thiosulphate with euiphurous acid (8) (no action with sodium thiusulphntc) 
(Baker, C. N.. 1877, 36. 20^; Villiers, C. r., 1889. 108. -102); i.y the action of 
iodine on a miicture of sodium sulphite and thiosulphnte (c) (Spring, B., 1874, 
7, 1167): 

(a) ISKHSO. + S, = 4K,S,0. + 2K,S0, + SH.O 
(6) 4K,S,0. + CSO, = ^K,S,0, + S, 
(e) Na,SO, + Na.S.O. + I, = Na,S,0. + aNal 
The acid is prepared by addinp perchloric or fluosilicic neid to the potassium 
salt. The acid is quite unstobleL at low tempi'rature in a vacuum it decom- 
poses into SO, . S and H:SO, . The salts are quite stnl)le; Ihey are not oxidized 
by chloric or iodic ncida. while the free acid is rapidly oxidized by these acids. 
Fixed alkalis or sodium amalgam change the trithionate to sulphite and thio- 
suiphate (Spring, I.e.). 

§262. Tetrathlonic aoid. H^S^O, = 226.296 . 


II II 

H',(8J"0-»,, H — — 8 — S — S — 8 — — H. 
II II 



The salts are soluble in water and are comparatively stable. They are best 
obtained in crystalline form by adding alcohol to their solutions in water. 
The acid has not been isolated but it is much more stable than the tri or 
pentnthionic acids. In dilute solution it can be boiled without decomposition. 
The concentrated solution decomposes Into H,SO, , SO, and S . 

Tetrathionates are prepared by adding iodine to the thiosnlphateK; 2Ba8,0, + 
I, =BaS,0, + Bal, (Muumene. C. r., 1879, 89, 4as). The lead salt is obtained 
by the oxidation of lead thiosulphate by lead peroxide in presence of sulphuric 
acid: 2PbS,0, + PbO, + aH,S0. = PbS.O. + aPbSO. + 2H,0 (Chancel and 
Diacon, J. pr., IRiiJ, 90. 5o). To obtain the ncid the lead should lie removed 
by the necessary amount of sulphuric acid, and not by hydriisulphuric acid, 
which causes the formation of some pentathionic acid. A number of other 
oxidizing agents may be used to iorm the tetrathionate from the thiosulph.ite 
(Fordoa and Gelis. C. r,. JHAS. 15, 920). Sodium amatgnm reconverts the tetra- 
thionate into the thiosulphate: Na,S,0, + 2Nft = SNa^SiO, (I^wes, J. C, ISSO, 
39, fi^S; 1R81, 41, MO). Tetrathionic acid is also formed with pentnthionic acid 
in the reactions between solutions of H,S and SOj (Wackenroder's solution, 
A.. 1B46, 60, ISO). See also Curtitis and Henkel (J. pr., 18S8, (2), 37, 137), The 
acid gives no precipitate of sulphur when treated with potassium hydroxide 
(difltisctioD from pentathionic acid). 
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§263. PcBtAthionic add. H,8,0, = 358.366 . 


II II 

H',(8,)"0— ,, H— — S — S — 8 — 8 — 8 — — H. 

II II 



Only known in tbe salts nnd in the solution of the acid in water. It ie formed 
by the action of H,S upon SO, in th« presence of water (a); by the action of 
water on sulphur chloride (b): by the decomposition of lead thiosulphate witk 
B,S (Persoz, Pogg., 1865, 184, 357): 

a. 10H,8O, + 10H,S = 2H,S.O. + S8, + 18H,0 
0. 10S,C1, + im,0 = SE,S.O. + SS, + 20HC1 
The flltrate from the decomposition of SO, by H,S is known as Wackenroder'a 
solution (Areh. Pharm., 1836, 48, 140). It has been shown to contain tbe tri 
■nd tetrathionic acids in addition to the peutathtonic acid (I>ebUB, C- .V., 1B88, 
C7, 87). Pentathionic acid may be concentrated in a vacuum until it has a 
•peciflc gravity o( 1.6; farther concentration or boiling heat alone decompoeea 
It Into H,80, , SO, and S . The solution of the acid does not bleach jndi^. 
When treated with a fixed alkali hydroxide an immediate precipitate of Buh)hur 
Ifi obtained (distinction from H,S,0,): 4H,S,0, + 20NaOH = GNa,80, + 
4Ra,S,0, + 3S, + 14H,0 (Takamatsu and Smith, J. C, 18E0, 37. 592) ; or if the 
VaOH be added short of neutralization: 10H,S,O, + SONaOH = loNa.8,0, + 
SS, + SOH,0 . Neutralization of pentathionic acid with barium carbonate girea 
barium tetrathionate and sulphur (Takamatsu and Smith, J. C, 1883, 41, lU; 
Lewes, J. C, 1881, 38, 68). See alBO Spring, A., 1879, 199, 97. 
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Q^ SVLPHDROUS ACID. %Vv9,i. 

gZeS. Solplmroiu aiiliydride. SO^ = 64.07 . 
Snlplmroas acid. H,80, = 82.086 . 


II 
8^0-", and H',ff^O-"„ = S — aad H — — S — 0— H. 

1. Propertlw.— Sulphurous anhydride, SO, , sulphur dioxide, fe a colorless gu 
of a strong sultocDting odor of burning sulphur. Specific grarity of the liquid 
at 0°. 1.4a:i8 (Cailletet and Matthias, 0. r., 1S87, 104, 1563); of the gas at O" and 
760 mm, pressure, 2.B369 (Leduc, C. r., 1893, 117, S19). It is liijuefied at atmos- 
pheric pressure upon cooling to —10" (Pierre, C. r„ 1873, 76, 214). In an open 
dish it evaporates rapidly, the temperature of the remaining liquid dropping 
to —75"; or by evaporating rapidly under diminished pressure it beeomes a 
TChite wooiy solid. Cooled to —70.1° it becomes a snow-white solid (Faraday. 
C, r., 1861, S3, 846). The dry gRS is not combustible in the air, does not react 
acid to litmus, but in presence of water it has a marked acid rraclion. The gas and 
the free acid, not the salts, are quite poisonous, due to the absorption of the 
80, by the blood and oxidation to H=SO, . The gas is soluble in water, form- 
ing probably sulphurous neid, H,80i . The pure acid has not been isolated, 
but forms salts mono and dibasic as if derived from such an acid (Michaelia 
and Wagner, B., Ifl74, 7, 1073). It has a strong odor from vaporization of 
sulphurous anhydride, which is soon completely expelled upon boiling. The 
acid oxidizes slowly in the air. forming H:SO, , hence sulphurous acid usually 
gives reactions for sulphuric acid. Light seems to play an important part in 
this oxidation (Loew, Am. S., 1870, 99, 36S). The moist gas or a solution of the 
acid is a strong bleaching agent, however not acting alike in all cases Wool. 
silk, feathers, sponge, etc., are permanently bleached: also many vegetable siilh 
stances, straw, wood, etc.; yellow colors and chlorophyll are not bleached; rto 
roses are temporarily bleached, immersion in dilute H.SO, restoring the color. 

2. Occurrence.— Found free in volcanic posea (Rici-iardi. B.. 18ST. 20. 464). 

3, rormatlon.— (a) By burning sulphur in air. (ti) By heating sulphur with 
Tarious metallic oxides, (c) By decomposition of thiosiilphates with HCl. (dl 
By burning H,S or CS, in air. (e) By the action of hot concentrated sulphoric 
acid on metals, carbon, sulphur, etc. (/) By heating sulphur with sulphates. 
{B) By decomposition of sulphites with acids; 

(a) S, + aO, = 280, 

(b) HnO, + S, = KaS + 80, 
2Pb,0. + 58, = GPbS + 480, 

(c) 2Na,S.O, + 4HCI = 4lIaCl + 2S0, + 8, + 2H,0 

(d) SH,8 -i- 30, = 280, + aH,0 
CS, + 30, = 380, + CO, 

(e) Ou + 2H,S0. = CuSO, + SO, + 2H,0 
S, + 4H,S0. = CSO, + 4H,0 

C + 2H,S0. = 280, -I- CO, + aH,0 
(/) Peso. + 8, = Pes + 2S0, 
(j,) Na,SO. + 2H,S0. = 2NaH80, + SO, + H,0 
4 Preuaratlon.— (a) Bv heating moderately concentrated sulphuric acid with 
copp^turnings; C« + 2H,S0. = CuSO, + 80, -f £H,0 The gas js dr.ed .^ 
ittiBsinir through concentrated sulphuric acid. (6) By heating a niisture of 
E"^r and cupric oxide in a hard glass tube, (c) In a Kipp's generator by 
decomposing cubes composed of three parts cj.lcium «'''Pl''%i">^'*»| P"" "^ 
calcium sulphate, with dilute sulphuric acid (Neumann. B., 1«S7, ZO, 15!H). 
^e7a«ttion of sulphitea.-The sulphites of the ordinary ""^tals are usual .v 
mnde bv action of sulphurous acid upon the osidea or hydroxides of the metal!-. 
They are normal, except mercurous. which is acid, and chromium, nlum.oum 
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aod copper, which are basic. Sulphurous acid precipitates solntioiiB of metals 
of the first and second groups, except copper and cadmium. 

The sulphites of the alkalis precipitate solutions of the other metals except 
chromium salts; and some normal sulphites may be made in this manner. 
The sulphites of silver, mercury, copper and ferricum (known only in solution) 
are unstable, the sulphurous acid becoming sulphuric at the expense of the 
base, which is reduced to a form having a less number of bonds. With the 
unstable stannous sulphite the action is the reverse. (St-e RA.) All sulphites 
by exposure to the air slowly absorb oxygen, and ate partially converted into 

5. SolnbilitlSB. — One volume of water at 0° dis^jolves 68.8G1 volumes of sul' 
phuroUs anhydride; at 20°, 36.206 volumes (Carina, A., 185^ 94, 14H): or at 20°, 
0.104 part by weight (Sims, J. C. 1862. 14. 1). Charcoal absorbs IfiS volumes. 
camphor 308 volumes. g:lneial acetic acid 318 volumes of the gas. Liquid sul- 
phurous anhydride dissolves F , S . I , Br and many gnses. 

The sulphites of the metals of the alkalis are freely soluble in woter; the 
normal sulphites of all other metals are insoluble, or but very slightly soluble 
in watfr. The sulphites of the metals of the alkaline earths, and some others, 
are soluble in solution of sulphurous acid, the solution being precipitated on 
boiling. The alkali bas^s form aeid sulphites (bisulphites), which cbu be 
obtained in the solid state, but evolve sulphurous anhydride. The sulphites 
are insoluble in alcohol. They are decomposed by nil acids eviept carbonic 
and boric, and in some instances, hydrosulphuric. 

6. Eeactions. .1. — Witli metals and their compounds.— Sulphurous acid 
reacts with Zn, Fe , Sn . and Ca (o form liyiiosiiiltilHirinis aeid, H.jSO; 
(Sehiitzeiiberger, C. r., 18(i9, 68, 19G). With 2n in tho presence of HCl 
it i3 reduced to hydrosuli)hnrie acid: 3Zn + 6HC1 + H^SOj = :!ZnCl„ -!- 
H,S + 3HjO . Free sulphurous acid precipitates solutions of first and 
second group metals except those of copper and cadmium; solutions of 
other metallic salts are not precipitated owing to the solubility of the 
sulphites in acids. 

Alkali snlpIiiteB precipitate solutions of all other metallic salts. The 
precipitates, mostly white, are soluble in acetic acid. The precipitates 
of Pb , Hgf , Ba , Sr , and Ca are usually accompanied by sulphates, due to 
the fact that soluble sulphites nearly always contain sulphates (4). 

Solution of lead acetate precipitates, from solutions of sulphites, lead 
sulphite, PbSOj , white, easily soluble in dilute nitric acid; and not blacken- 
ing when boiled (distinction from thiosulphate). Solution of silver nitrate 
gives a white precipitate of silver sulphite, Ag^SO, , easily soluble in very 
dilute nitric acid or in excess of alkaline sulphite, and turning dark- 
brown when boiled, by formation of metallic silver and sulphuric acid. 
Solution of mercurous nitrate with sodium sulphite gives a gray precipi- 
tate of metallic mercury. Solution of mercuric chloride produces no 
change in the cold; but on boiling, the white mercurous chloride is precipi- 
tated, with formation of sulphuric acid. Still further digestion, with 
snfBcieut sulphite, reduces the white mercurous chloride to gray metallic 
mercnry (§68, 6e). 

Solution of ferrlo chloride gives a red tolution of ferric sulphite, 
Fei(SO,), ; or, in more concentrated Bolutions, a yeUowisk precipitate of 
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basic ferric sulphite, also formed by addition of alcohol to the red solu- 
tion. The red solution is decolored on boiling; the acid radical redncing 
the basic radical, and forming ferrous sulphate. 

Solution of harlBin chloride gives a white precipitate of barium tut- 
phife, BaSO, , easily soluble in dilute hydrochloric acid — distinction from 
sulphate, which is undissolved, and should be filtered out. Now, on adding 
to the filtrate nitroltydrochlorio acid, a precipitate of barium eulphsto 
la obtained—evidence that sulphite has been dissolved by the hydrochloric 
acid: 

BrSO, + BHCT = B»C1, + H,SO, 

BaOl, + H,SO. + CI, + H,0 = BaSO. + 4H01 

Calcinm chloride reacts similar to barium chloride, the precipitate of 
calcium sulphite being Um soluble in water than the corresponding nt 
phate. 

cJnlphuTOQi acid and flnlphites are active rednoing ag^ts by virtos of 
their capacity for oxidation to aolphiirio acid and inlphatei. 

The reactions with silver, mercury and ferricum given above illustortl 
the reducing action, and the following should also be noted: 

PbO, becomes lead sulphate. 

Ab^ forms arsenous and sulphuric acida. 

Sb^ forms Sb'". 

Ctt" becomes cuprous sulphate. 

<Jr" forms chromic sulphate. 

Co"' forms cobaltous sulphate. 

Hi'" forms nickel sulphate. 

1^"+" forms manganous sulphate. 

With XnOf in the cold, manganous dithionate, HaBfi, , is fomnd 
(Omilin's Hand-booh, 2, 174). 

With stannous chloride sulphurous acid acts as an ozidlEiiig accnt, foim- 
ing stannic sulphide and stannic chloride or stannic chloride and hydro- 
sulphuric acid, according to the amount of hydrochloric acid present 
(§71, 6e). 

B. — With non-metalB and their oompoondB. — Upon other acids sul- 
phurous acid acts as a reducing agent, except with hypophosphoious, ph^ 
phorouB, and hydrosulphuric acids. 

1. HsPe(CH), forms H,Fe(CN)i, and HjSO« . 

e. HNO, and SSO^ form KO and H^SO^ . 

S. PH, -t- 8H,S0, = H,PO. + S, + 2H,0 (Carvazzi, (huxetta, 1886, l^ 
169). HgPOj becomes 'B.^'BO, and the SO, is reduced to S , and with exo«i 
of H,PO, to H,S . H,PO, forms H,PO, and H,S {§268, 6). 

i. Hfi forms S from both compounds: 4H,S + 2S0, = S8, + ^0. 
Bee also §263 . 
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6. 01 , HCIO , and HClOg form hydrochloric and sulphuric acide. 

6. Br forms hydrobromic and sulphuric acids. HBrO, forms flret 
bromine then hydrobromic acid, sulphuric acid in both cases. 

7. I forms hydriodic and sulphuric acids. In presence of hydrochloric 
acid and a barium salt it serves as a means of detecting a sulphite 
jniMd with a sulphate and a thiosulphate (Smith, C. N., 1895, 72, 39). 
EIO, forms first iodine then hydriodic acid, sulphuric acid in both eases. 

7. Ignitifm. — Acid sulpbitee bested in sealed tube to ISO* are decomposed 
Into aulpbatea and sulphur (Barbaglia and Gucci, B., 1880, 13. 2:^25; Berthelot, 
i. Ch., 1864, (i). 1, 392). Dry 80, at high heat with manv metals is decom- 
posed, forming a sulphide and sulphate or sulphite (Uh!. B., 1S90, 23. 2151). 
Sulphites are decomposed by heat into oxidea and aulphnroua anhydride: 
CaSO, = CaO + SO,; or into sulphates and aulphides: 4ITa,S0, = 3Ha,S0, + 
Va,S. 

8. Detection. — Free sulphurous acid is detected by its odor and by its 
decolorizing action upon a solution of KHnO, or I (Hilger, J. C, 1876, 
89, 443). The reaction with iodic acid is also employed as a test for 
sulphurous acid (as well as for iodic). A mixture of iodic acid and staroh 
is turned violet to blue by traces of sulphurous acid or sulphites in vapor 
or in solution, the color being destroyed by excess of the sulphurous acid 
or the sulphite. Sulphites arc distinguished from sulphates by failure ta 
precipitate with BaCl, in presence of HCl . After removal of the BaSO, 
by filtration the sulphite is oxidized to sulphate by chlorine ^vater and 
precipitated by the excess of BaCI„ present. 

Normal potassium sulphite, E^SO, , is alkaline to litmus but when 
treated with BaCL gives a neutral solution. The acid sulphite, KHSOa , 
is neutral to litmus but with BhCI^ gives an acid solution: 3EHS0. + 
BaCl, — BaSO, + 2KC1 + S0„ + H,0 (Villiers, C. r.. 1887, 104, 1177). 

9. Estimation.— (a) After converting into H,SO, bv HNO, or CI it is precipi- 
tated by BaCli and weipbed as BaSO, . (fi) The oxidation in etfected by fusing 
with KaiCO, and ENO, (equal parts), (c) A standard solution of iodine in 
added, and the excess of iodine determined by a standard solution of lIa,S,0, . 
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H'^S^'O-". , H — — S — - 



I. PropartiM.— Absolute sulphuric acid. H,SO, , is a colorless oilv liquid 
(oil of vitriol): specific gravity, 1.8371 at 1.5" (Mendelejeff, B., 1884, 17, 2541). 
According to Marignac (A. Ch.. 1853, (:(). 39, 184). it begins to boil at about 
290', ascending to n:i8° with partial decomposition. At temperatures much 
below the boiling point (160°) it vaporizes from open vessels, giving off heavy, 
white, sniTocating vapors, exciting coug-bing without giving premonitipn b; 
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odor. At ordinary temperature it is non-volatile and Inodorous. M low tem- 
peratures it Eolidities to a crjetalline miisB. The freezing point is greally 
influenced by the amount of water present. When the ncid contains one mulc- 
cule of water, H,SO,.H,0 , the melting point is highest, +7.ri° (Pierre and 
Puchot, A. Ch., 1S74. (5), 164). 

H,80« is a very strong acid and, because of its high boiling point, 
displaces all the volatile inorganic acids; on the other hand it is displaced, 
when heated above itK boiling point, by phosphoric, boric, and silicic acids. 
It is a dibasic acid, forming two series of salts, K'HSO, and K',SO, . It is 
miscible with water in all proportions with production of heat; it abstraclR 
water from the air (use in desiccators), and (juickly abstracts the elements 
of water from many or{faaio compounds, and leaves their carbon, a char- 
acteristic charring effect. It dissolves in alcohol, without decomposing it 
— but if in sufficient proportion producing ethyl sulphuric acid, HC^,SO, . 

Salpbniic anbydrtdA, SO, , is a oolorteFs, fibrous or waxy solid, melting at 
14^° (Bebs, A., 1888, 246, 3TB), boilinff at 46° (Sehulz-Sellak, B.. 1870. 3, SIS), 
and vaporizing with heavy white fumes in the nir nt ordinary temperatures. 
It is very deliqnescent. and on contact with water combines rapidly, formioK 
sulphuric acid with ^neration of much heat. 

2. Occurrence. — Found free In the spring water of volcanic districts. Pound 
combined in gvpanm. CaSO, + 2HiO: in heavy spar, BaSO,: in celestine, SrSO,; 
in Epsom salts. UgSO. + TS,0: in Qlauber salt, Na,SO. + lOH.O . etc. 

:i. Formation. — (o) By electrolyzing H,0. using Pt electrodes with pieces of 
8 attached (BecquertO. C. r., ]S03. 56, 2.17). (6) By oxidizing S or SO, in presence 
of water by CI , Br , HNO, , etc, (f) By heating S and H,0 to 200°. (d) By 
adding B.,6 to SO,, (e) By passing a mixture of SO, and over platinum 
sponge and then adding water. 

4. Freparation. — Industrially, sulphuric acid is made by utilizing the 
SOj evolved as a by-product in roasting various sulphides — e. g., iron and 
copper pyrites, blende, etc. (a) and (ft); or by burning sulphur in the air 
to form the SO, . The SOj is passed into a largo leaden chamber and 
brought into contact witii HNO^ , steam, and air. The HNO, first oxidizes 
a portion of the SOj (c)\ the steam then reacts upon the NOj, forming 
HirOa and KO (d). This NO is at once o.\idized again by the air to SO, . 
so that theoretically no nitric aeid is lost, but all is used over again. 
Practically, traces of it are constantly escaping with the nitrogen intro- 
duced as air, so that a fresh supply of nitric acid is needed to make up for 
this loss. The absolute H^SO, cannot be made by evaporation or distilla- ■ 
tion; it still contains about two per cent, of water. It may be made by 
adding to water, or to the H^SO^ containing the two per cent of water, 
a little more SO or H^O, than would be needed to make H,SO, ; then 
passin;; perfectly dry air through it until the excess of SO, is removed, 
leaving absolute H^SO, . Pvrosulphuric, or Nordhausen sulphuric acid, 
HjSjO, , is made by solution of sulphuric acid in sulphuric anhydride W: 
by drying FeSO, + THjO nnttl it becomes FeSO, + HjO , and then dis- 
tilling if). Sulphuric anhydride is made by the action of heat on sodium 
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pyrosulphate, "Si^^O., [g), prepared by heating HaHSOj to dnll redneBs; by 
distillmg pyrosulphiiric acid, the anhydrido is collected in an ice-cooled 
receiver; by heating H^SO, with PjO^ (A): 

(a) 2ZiiS + 30, == 2ZiiO + SSO, 

(b) 4FeS, + llO, = SFe,0. + GSO, 

(c) SO, + SHHO, = H,SO. + 2NO, 

(d) 3N0, + H,0 = 2HN0. + NO 

(e) H,aO. + SO, = H,S,0, 

(0 47«80. + H.0 = 3re,0, + H,S,0, + 2S0, 

it) Na,B,0, = Nft.S0. + 80, 

(A) H,SO, +- P,0, = 2HP0, + SO, 
Sulphates are made: (a) by dissolving the metals In sulphuric acid; 
(fc) by dissolving the oxides or hydroxides; (c) by displacement. All salts 
containing volatile acids are displaced by sulphuric acid and a sulphate 
formed (except the chlorides of mercury). The excess of acid may gener- 
ally be expelled by evaporation, or the crystals washed with cold watei" or 
alcohol. The insoluble sulphates are best made by precipitation. 

6. Solabilitiea.— Sulphuric acid is miscible with water in all proportions ; 
the concentrated acid with generation of much heat. Sulphuric acid 
transposes the salts of marly all other acids, fonning sulphates, and either 
acids (as hydrochloric acid, §289, 4) or the products of their decomposi- 
tion ( as with chloric acid, §273, 6). Chlorides of silver, tin, and antimony 
are with difficulty transposed by sulphuric acid, and chlorides of mercury 
Dot at all. Also, at temperatures above about 300° phosphoric and silicic 
acids (and other acids not volatile at this temperature) transpose sulphates, 
with vaporization of sulphuric acid. 

The sulphates of Pb , Hg', Ba , Sr , and Ca are insoluble, those of H^ 
and Ca sparingly soluble. Sulphuric acid and soluble sulphates precipi- 
tate Bolntions of the salts of Pb , Hg*, Ba , Sr , and Oa ; Hg* and Ca salts 
incompletely. The metallic sulphates are insoluble in alcohol which pre- 
cipitates them from their moderately concentrated aqueous solutions. 
Alcohol added to solutions of the acid sulphates precipitates the normal 
sulphates, sulphuric acid remaining in solution: SKHSO^ = E^SOf + 
H,SO, . PbSOf is soluble in a saturated solution of NaCl in the cold, 
depositing after some time crystals of PbCIj , complete transposition being 
effected. A solution of PhClj in NaCl is not precipitated on addition of 
H,SO, (Field, J. C, 1872, 25, 575). 

6. Beactiona. A. — With metali and their compounds. — Sulphuric acid, 
dilute, has no action on Fb , Hg , Ag , Cu *, and Bi . Au , Pt , Ir , and Bit 
are not attacked by the acid, dilute or concentrated; other metals are 
attacked by the hot concentrated acid with evolution of BO, . The fol- 
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lowing metale: Sn, Th, Cd, Al, Fe, Co, Hi, Hn, Zn, Kg, K, and Va 

are attacked by the acid of all degrees of concentration; the dilute and 
the cold concentrated, with evolution of hydrogen; the hot concentrated 
with evolution of SO, . The degree of concentration and the tempera- 
ture may he regulated so that the two gases may be evolved in almost 
any desired proportions. A secondary reaction frequently takes place, 
the metal deeompoaing the SO, forming H^ or a sulphide; and the H^ 
decomposing the SOj with geparation of sulphur (Ditte, A. Ch,, 1890, (6), 
19, 68; Muir and Adie, J. C, 1888, S3, 47). 

Sulphuric acid or soluble sulphates react with soluble bariim salts to 
give barium sulphate, white, insoluble in hydrochloric or nitric acids. This 
insolubility is a distinction from all other acids except selenic and flno- 
silicic. The precipitate formed in the cold is very fine and difTicnlt to 
separate by filtration; if formed in hot acid solution and then boiled it ia 
retained by a good filter. In dilute solution for complete precipitation 
the mixture should stand for some time. Solutions of lead salt's ^ve a 
white precipitate of lead sulphate not transposed by acids except H-S (5), 
Boinble in the fixed alkalis. The presence of alcohol makes the precipi- 
tation quantitative (§S7, 9). Solution of caloiuin salts not too dilute form 
a white precipitate of calcium sulphate (§188, 5c). 

Dilute sulphuric acid docs not oxidize any of the lower metallic oiidef. 
The concentrated acid with the aid of heat effects the following changes: 

HgjO forma mercuric sulphate, and sulphuroiis anhydride in evolved. 

SnClj forms, firi^t, sulphurous anhydride, then hydrosulphurio acid. 
stannic chloride at the same time being produced. 

Fe" is changed to Fej(SO,),, by hot concentrated sulphuric acid. 

Mn"+" forms UnSO^ and 0. That is, all compounds of manganese 
having a degree of oxidation above the dyad are reduced to the dyad with 
evolution of oxj'gen. 

Potassium permanganate dissolves in cold concentrated sulphuric aciit 
with formation of a gieen solution of a sulphate of the heptad manganese. 
(MnO,),S0, {§134, 5c). 

Similarly the hot concentrated acid also reduces Pb** to Pb', Co'" to 
Co", Ni'" to Ni", Fe" to Pe"', and Cr" to Cr"', oxygen being liberated 
(oxidized) and the metal reduced while tlic bonds of the 80, radical are 
not changed; a sulphate of the metal being produced. 

B. — With non-mctali and their compounds. — When dilute sulphuric acid 
transposes the salts of other acids, no other"change occurs if the acid set 
free be stable under the conditions of its liberation. Jn ordinary reactions 
sulphuric acid never acts as a reducing assent. 

1. Many organic acids and other organic compounds are decomposed bj 
the hot concentrated acid, the elements of water being abstracted and 
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carbon set free. Continued heating of the carbon with the hot concen- 
trated acid oxidizes it to CO, with liberation of SOj . 

H3C3O, becomes CO.^ , CO , and HjO . The bonds of the KfiO, remain 
unchanged. 

K,Pe(CK), with dilute H^SO. forms HCH : 2^Jt(CS), + 3H,S0, — 
6HCS + K,reFe(CN)« + 3K,S0, . 

CyanatCB are decomposed into CO, and HH,: 2KCK0 + 3H,S0« + 8H,0 
= KjSO, + {1IH,),S0, + 2C0, . 

Thiocyanates are also decomposed by concentrated sulphuric acid. 

S. Nitrites are decomposed with formation of nitric acid and NO : 
6KN0, + 3H,80. = 3K,S0, + 2HN0, + 4H0 + 2Hj0 . 

5. H3PO2 or hypophosphites are oxidized to phosphoric acid with re- 
duction of the sulphuric acid to sulphurous acid and then to sulphur. 

i. Sulphur is slowly changed by hot concentrated sulphuric acid to 
sulphurous acid with reduction of ihe sulphuric acid to the same com- 
pound. HydroBiilphTiric acid with hot concentrated sulphuric acid is 
oxidized to sulphur with reduction of the sulphuric acid to sulphurous 
acid. Further oxidation may take place as indicated above. 

5. Chlorates are transposed and then decomposed when treated with 
concentrated sulphuric acid : 3KCIO3 + ZH^SO, = 2KH80^ + KCIO, + 
2CI0, + H,0 . 

6. HBr forms Br and SO, . No action except in concentrated solution. 

7. HI forma I and SO, . 

7. ^nition. — All sulphates fused with a fixed alkali carbonate are 
transposed to carbonates (oxide or metal if the carbonate is decomposed 
by the heat used, §228, 7) with formation of a fixed alkali sulphate 
(method of analysis of insoluble sulphates). If the sulphate, or any other 
compound containing sulphur, is fused in the presence of carbon, as 
fusion with a fised alkali carbonate on a piece of charcoal, the resultin" 
mass contains an alkali sulphide, which, when moistened, blackens metallic 
silver. 

The sulphates of Cu , Sb . Fe , Mg , NI and Sn are completely decomposed at 
a red best: 2FeS0i = Fe.O, + SO, + SO,: 2Cu80. = 2CuO + 2S0, + O, . A 
white heat decomposes the sulphates of Al , Gd , Ag' , Pb , Hn and Zn . An 
ordinary white heat has no attion oo the sulphates ot the alkalia and alkaline 
earths; but at the most intense heat procurable the sulphates of Ba, Ca and 
8r are changed to oxides; and at the same temperature E,SO, and Na,SO, are 
pompietely volatilized, preceded by partial decomposition. 

T>ead sulphate heated in a current of hydrog'en is reduced according to the 
following equation: 2FbS0, + 6H, = Pb + PbS + SO, + fiH,0 . After a 
ilistinct interval the remainder of the sulphur is removed as H,S: PbS + H, ^ 
Pb + H,S (Bodwell, J. C, I8fi3, 16, 4E). PotUHBium sulphate heated in a. 
current of hydrogen is reduced to potasxiura acid-sulphide: K,80, + -IH, ^ 
ZOH + EB8 + 3H,0 (Berthetot, A. Ch.. IHSO. (6), 21, 400). Potassium acid- 
sulphate, XHSO, , heated to 200" evolves B,80, . The sodium acid-sulphate 
decomposes more readily. 
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8. Detection. — Free sulphuric acid or the soluble sulphates are detected 
by precipitation in hot liydrochloric acid solution with barium chloride, 
forming the white, granular, insoluble barium sulphate. 

The sulphates insoluble in wRter are decomposed for analysie — (Ist) by 
]o::;; boiling with solution of alkali carbonate; and more readily (2d) by 
f us ion with an alkali carbonate. In both cases there are produced — alkali 
.'Viphaies soluble in water, and carbonates soluble by hydrochloric or nitric 
i'cid, after removing the sulphate (a). If the fusion he done on charcoal, 
jiiore or less deosidation will occur, reducing a part or the whole of the 
sulphate to sulphide (7), and the carbonate to metal (as with lead, §57, 7), 
or leaving the metal as a carbonate or oxide (7, §§222 and 228). 

o. BaSOi + Na,CO, =: Na,SOi (soluble io water) + BaOO, (Bolnble in acid). 

.\ mixture of H,SO, and a sulphate may be separated by gtrong oloofaol, 
which precipitates the latter, A test for free tulphuric acid, in aigtinction from 
jailpbate», may be made by the use of cane aug*!:, as follows: A little of the 
liquid to be tested is concentrated on the water-bath; then from two to foitr 
drops of it are taken on a piece of porcelain, with a small fragment of white 
.«iiEnr, and evaporated to dryness by the water-bath. A green ish-b(ncfc residnc 
Indicates sulphuric acid. (With the same treatment, hydrochloric aeid girea a 
brownish-black, and nitric acid a yeliow-brown residue.) A strip of white 
.glazed Mper, wet with the liquid tested, by immersing' it several times at sfaort 
intervals, then dried in the oven at 100°, will be colored blacl<, brown or reddish, 
if the liquid contains as much as 0.2 per cent of sulphuric acid. 

B. Estimation. — (a) Dy precipitation as barium sulphate and weighing- as 
Fuch. The solution should he hot and acidified with hydrochloric acid, and 
the mixture should be boiled a few minutes after the addition of the barium 
<;hloriilo. (6) liy precipitntion as barium sulphate with an excess of an bydro- 
<-hlorie acid solution of barium ehromate (three |)er cent hydrochloric acid). 
Add NH,OH, fill to a definite volume, and filter through a dry filter-paper. 
TranRfer an aliquot portion to an azotometer with H,0, , and after acidifying, 
determine the oxygen evolved (Banmann, Z. angeir., 1R91, 140) (£244, ai, li). 
(c) When present in small amounts in drinking water by a photometric method 
' JHinds, C. N., 1S96, 73, S8S and 299), 

§267. Persnlphnrio acid. HSOj = 97.078. 

The anhydride, S,0, , waa discovered by Berthelot (C. r„ 1878, 80, 80 and 71). 
It is obtained by the action of the silent electric discharge upon a mixtnre of 
equal volumes of dry SO, and O . In solution, the acid is obtained by the 
electrolysis of concentrated H,SO,; also by the action of H,0, on concentrated 
Z,SO. . 

At 0° persulphuric anhydride, S,0, , cousista of flexible crystalline needlea, 
remaining stable for several days. The solution in water decomposes rapidly; 
more stable when dissolved in concentrated H,SO, . When heated it decom- 
poses into SO, and , With SO, it combines to form 80, : S,0, + SO, ^ 380, . 
Although in its reactions it acts aa a strong oxidizing agent, it is weaker than 
chlorine or ozone: oxalic acid and chromium salts are not oxidized (Traube, B-, 
1HS!>, 22, 1518, 1528: 1892, 25, 95). Marshall (J. C, 1891, B9, 771) has prepared a 
number of salts of persulphuric acid. The potassium salt, XBO, , is prepared 
by electrolysis of a saturated solution of KHSO, with a current of 3 to 3i 
amperes. It is a white crystalline powder, which may be recrystalliEed from 
hot water with almost no decomposition. Continued heating of the aolution 
effects decomposition. The ammonium i»lt is prepared by electrolysis of a 
^saturated solution of ammonium sulphate. It ia soluble in two parts ot w«t*r 
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and can be purified by recryatallization if not heated above 60°, The dry salt 
is stable at 100°. With a Bolution of X,COi it given an abundant crystalline 
precipitate o( KSO4. It is used in the cyanide process for the recovery of gold 
(Elba, Z. angew., 1897, 195). The potasaium salt, soluble in SO parts of water at 
0°, appears to be the leaat soluble salt; it gives no precipitate with other metal- 
lic salts. Salts of Hn" , Co" and Fe" are oxidized: XI is rnpidly decomposed 
upon warming; organic dyes are slowly bleached; X,Fe(CN)a becomes 
E,F«(CN),: alcohol is slowly oxidized to aldehyde, rapidly upon warming. 
The barium and lead salts are readily soluble in water (distlDCtion from 
H.SO,). 



§268. CMome. CI = 35.45 . Valence one, three, four, five, and seven. 

■1. PropartlBB.— ifolecuior vieight, 70.9. Vapor dengity, 35.8. The molecule con- 
tains two atoms, CI, . Under ordinary air pressure it liquifies at — 33,6° and 
solidifies at — 103° (Olszewski, M.. 1884, fi, 1ST). Under pressure of six atmos- 
pheres it liquefies at 0°. It is a. greeniali-yellow, suffocating gas, not com- 
bustible in oxygen, burna in hydrogen (in sunlight combines explosively), 
farming HCl . On cooling an aqueous solution of the gas to 0°, crystals of 
C1,.1DB,0 separate out (Faraday, Qtiart. Jour, of Sci., 182^, Ifi, 71). Chlorine 
when passed into a solution of KOH produces, if cold, KCl and XCIO , if hot, 
ECl and KCIO, : 2E0H + CI, = ECl + EClO + H.O; 6E0H + 3C1, ~ 5KC1 + 
EClO. + 3H,0 . Passed Into an excess of NH.OE , NH.Cl and N are formed: 
BNH.OH + 3C1, = 6M-H.C1 + N, + 8H,0; if chlorine be in excess chloride of 
nitrogen is formed: NH.OH + 3C1, = NCI, + 3HC1 + H,0 . The NCI, is ono 
of the most dangerous explosives known; hence chlorine should never be passed 
into NH.OH or into a solution of ammonium salts without extreme cantlon. 
Chlorine bleaches litmus, indigo and most other organic coloring matter. 

The three elements, chlorine, bromine and iodine, resemble each other in 
almost all their properties, reactiona and combinations,' dilTering (as do their 
atomic weighta, 35.45, 79.95, 136.85) with a regular progressive variation; so 
that their compounds present themselves to us as members of progressive 
series. In several particulars fluorine (atomic weight, 10,05) torreaponds to the 
first member of this series. 

Two oxides of chlorine have been isolated: CI^O , hypochlorous anhydride 
(5270), and CIO, , chlorine dioxide. The latter is made by the addition ol 
H,SO, to EClO, at 0°. It is a yellowish -green gas, condensing at 0° to a red- 
brown liquid. At — 59° it becomes a crystalline solid, resembling E,Cr,0, . It 
may be preserved in the dark, but becomes explosive in the sunlight. 

The most important acids containing chlorine are disciis?od under thf 
sections following. They are: 
Hydrochloric acid, HCl . 
Hypochlorous acid, HCIO . 
Chlorous acid, HClOj . 
Chloric acid, HCIO:, . 
Perchloric acid, HCIO^ . 

e in nature, but its aalts are numerous, 

3. Tormatwn. — (a) By the action of HCl upon higher oxides as indi- 
cated in g269, 6^. The usual class-room or laboratory method is Ulua- 
trated by the following equations: 

HnO, + 4HC1 = UnCl, -|- CI, -I- 3H,0 

KoO, -f 2NaCl + 3H,S0. = HnSO, -!- SNaHSO. + CI, + ZH.O-^ i , 
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(&) By fusing together NH.NO, and NH,C1 : 1HB.N0, + 2NH,CI = SV, + 
CI, + 12H,0 . ((') By ignition of dry MgCl, In the air: 2KgCl, + O, = i^O 
+ 2C1, (Dewar, J. Soc. Ind., 1887, 6, 775). (d) Some chlorides are dissociatea 
by heat alone: BAuCl, = 2Au + 3C1, . 

4. pTepBratioii.~(a) Weldoti'g prices*: HnO, is treated with HCl . and the 
HnCl, formed Is precipitated as Hii(OH). by adding Ca(OH), . The Xn(OH), 
Ib wanned by steam, and air is blown into it, oxidizing it again to MuO, , and 
by repeating this process the same mnngnnene is used over ag'ain. See Lungt 
and Prett (Z. anoeic., 1893, 99) for modificntion of this method, using HHO, . 
(6) Deamn's prweag: HCl, mixed with air, is passed over fire-bricks molslened 
with CuCl, and healed to about 440°. The heat first changes the CuCl, to 
CuCl , evolving chlorine; then the oxygen of the air, aided by the HCl. oxi- 
dizes the CuCl to CnCl, . It is not certain that the explanation Is eorrecl. 
It is only known that the hydrochloric acid wliieh is pasBcd into the appnratui 
comes out as free chlorine, and that the copper chloride (small in amount) 
does not need renewing, (c) Electrolysis now seems likely to supersede other 
methods where large amounts are needed. 

5. Solnbilitie8.^The maximum solubility of chlorine in water is at 10°. 
At 0° one volume of water dissolves l.S-volumea of chlorine; at 10° thrci' 
volumes; at 30° 1.8 volumes {Riegel and Walz, J., 1846, 72). Boiling 
completely removes the chlorine from water. 

6. Beaotiona. A. — With metals and their aompoandi. — Chlorine is one 
of the most powerful oxidizing agents known, becoming always a chloride 
or hydrochloric acid. All metals are attacked hy moist chlorine, fomiinf 
chlorides, many of tliem combining with viviJ incandescence. With per- 
fectly dry chlorine many of the metals are not at all attacked. Sn, 
Sb, and As are rapidly attacked, forming liquid chlorides (Cowper, J. C. 
ISS.'i, 43, 153; Vclcy,V. C, 1S34, 65, 1). In the presence of acids the 
oxidation of the metal lakes place to the same degree as when that mytallic 
compound ia acted upon hy HCl (§269, GA); & chloride is formed havinf 
the same metallic valence that would have resulted from treating the 
oxide or hydroxide with hydrochloric acid, e. g., adding HCl to Co,Oj make* 
CoClj not CoCl^ , hence adding chlorine to metallic cobalt makes CoCl. nni 
not CoCl, . In alkaline mixture usually the highest degree of oxidation 
possible ia attained, as indicated by the following: 

1. Ph" becomes PbOj and a chloride in alkaline miittire. With PbCL , it 
is claimed that the unstable PbCl, is formed {Sobrero and Selmi, A. Ck., 
1850, (3), 29, 169; Ditte, A. Ch., 1881, (5), 22, 566). 

5. 'Eg' becomes Hf" in acid and in alkaline mixture; also HCl or a 
chloride. 

5. As'" becomes As^ in acid and in alkaline mixture. Some water must 
he present or the reverse action takes place, forming AtCl, (§269, 6A2). 

4. Sb'" becomes SV and a chloride with acids and alkalis. 

5. Sn" becomes Sn'^ and a chloride with acids and alkalis. 

S. Mo^'-" becomes Mo" and a chloride with acids and alkalis. 

7. Bi'" becomes Bi^ and a chloride with alkalis only. 

8. Ctt' becomes Cu" and a chloride with alkalis and with acids. 
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9. Cr"' becomes Cr"' and a chloride in allcaline mixture only. 

10. Fe" becoracB Fe'" and a chloride with acids and alkalis, but with 
alkalis' it is also further oxidized to a ferrate. 

IJ. Co" becomea Co(OH), and a chloride with alkalis only. 
12. Hi" becomes Ni(OH)s and a chloride with alkalis only. 
IS. Hn" becomeB KaOj and a chloride with alkalis only. See Ditte, I. c, 
for formation of KnCl, . 
B. — ^With non-metals and their oomponnds. 

1. H,C,0« in acid mixture: "RjCfi^ + CI, = SCOj + 2HC1 , the HjC,0. 
must be in excess and hot {Guyard, Bl, 1879, (2), 31, 299); in alkaline 
mixture: K,C,0, + 4K0H + Clj — 2K,C0, + 2KCI + SH^O . 

HCH becomes CHCl and HCI {BischoflE, B., 187S, 6, 80). 

HGNS forms NH, , HiSO, , CO, , and other variable products, and fiOl 
<Liebig, A., 1844, 60, 337). 

H,Fe{CN), becomes HjFe{Cir), and HCI ; an excess of CI finally decom- 
poses the HjFe{CN), . 

2. Chlorine does not appear to have any oxidizing action upon the 
oxides or acids of nitrogen. 

S. Phosphorus and all lower oxidized forms become H,FO, with forma- 
tion of HCI . 

i. Snlphnr and all its lower oxidized forms are oxidized to H,SO, with 
formation of HCI . In an alkaline solution a sulphate and a chloride are 
formed- With HjS , S is first deposited, whicji an excess of CI oxidizes to 
H,SO, . A sulphide in an alkaline mixture is at once oxidized to a sul- 
phate without apparent intermediate liberation of sulphur. 

5. In alkaline mixture chlorine oxidizes chlorites, and hypochlorites to 
chlorates with formation of a chloride : KC10„ + 3Z0H + Cl„ = KCIO, 
-f 2KC1 4- H,0 . With NaOH a hypochlorite is formed if cold, if hot a 
chlorate : 

aNaOH + CI, = NaClO + NaCl + H,0 
6NaOH + .ICl, = NaClO, + SNaCl + 3H,0 

6. Chlorine does not oxidize bromine in acid mixture, in alkaline mix- 
ture a bromate and a bromide are formed. HBr in acid solution becomes 
free hromine, in alkaline mixture a bromate ; hydrochloric acid or a chloride 
being formed. 

7. Iodine is oxidized to HIOj in acid mixture, forming HCI ; in an 
alkaline mixture a periodate and a chloride are formed. From hydriodic 
acid or iodides, iodine is first liberated, followed by further oxidation as 
indicated above: 2HI + CI, rr 2HC1 -f I^ ; I, -|- 5CI, + 6HjO — 2HI0, + 
lOHCl ; HI + 8K0H + 4C1, = KIO. + 8KC1 + 4H,0 . 

By comparing the oxidizing action of CI with that of Br and I , the 
foUowing facts will be observed, and should be carefully considered. The 
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elements chlorine, bromine, and iodine have an oxidizing power in reverse 
order of their atomic weights, chlorine being the strongest. That is, if all 
three have the same ozidizing effect, the chlorine acts with the grewtpst 
rapidity; and in some caaes, as with cuprous salts, the chlorine oxidizca 
while the iodine does not. Their hydracida are reducing agents graded 
in the reverse order. If any increase of bonds takes place in pre.^en o of 
an acid, by chlorine, bromine or iodine, the same increase always ocfi;rs in 
presence of a fixed alkali. But the oxidation frequently ^oq?: further in 
presence of a fisod alkali. Thus, with chlorine iind potassium hydrntiile 
we form FbO, , Ili(OH), , VijH^ , Co(0H)3 . K^FeO^ . and MiiO, , vhich 
cannot be formed in presence of an acid. 

It is very important to rcmenibor that ihof,e OJ-tiks tihich are furmed hy 
chTorine, in presence of a fixed alkali, hid not in presence of an acid, ore the 
only ones wMch can be reduced iy kydrochloric acid. And furlher, thai P'is 
redvclion proceeds not ahr/ii/s to the original farm, never pnirccding heii'.'i'l 
that number of bonds capable of being formed in presence of an acid. Thiif, 
any lead salt, with potassium hydroxide and chlorine, forms PbO, , ami 
this treated with hydrochloric acid again forms the lead salt. FbCL . And 
ferrous chloride with potassium iH'droxide and chlorine forma K^FeO, , ia 
which iron is a true he\ad, and K^FeOj with hydrochloric acid forms, not 
the ferrous chloride with which we began, but ferric chloride, for it could 
only be oxidized to that point in presence of an acid. 

Ths above is true for bromine and iodine, as welt as for chlorine. 

7. Ignition. — See 1, 

8. Detection. — Free chlorine is recognized by its odor, by its tiberalion 
of iodine from potassium iodide, by its bleaching action upon litmus, 
indigo, etc., and by its action as a powerful oxidizing agent (see above). 

9. EstlmatiDn. — (a) It is added to a Bolution of potassium iodide and tb* 
liberated iodine determined by standard sodinm thiosulphate. (6) It is con- 
Tertsd into a chloride hy reducing; agents, and estimated hy the usual method* 
({869, 8). 

§269. Hydrochloric Acid. HCl = 36.458 . 

H'Cl-', H— CI. 

1. Tropertlas. — Vapor deaHty, 18.22. At ordinary pressure It liquifies at 
—102°, and solidifies at —112.5" (Olszewslti. if., 1884. B, 127). At 10° under 
pressure of 40 atmospheres it condenpes to a colorless liquid (Faraday, Tr.. 
1845. 155). Critical temperature, 52.3°; crlliciil prCKKwre. 8C atniosphcrts (Dewnr. 
C. N., 1SS5, 51, 2T). Dissociated into H and CI at about 1500°. but combine* 
again iiiKin cooling (DeviJle, f.'. r., IBG.l, 60, rilT). It is a colorlees gas. having 
an acrid, irritating odor. Iti-ndilv absorbed by watpr. The chemically pure 
concentrated acid has usually a specific gravity of 1.20, and contains 39.11 per 
cent HCl (Lunpe nnd Marchlcw-Rki, Z. angfK., 1891, 4. 133). The U. S. P. acid 
has a itpeciftc grar»ti of 1.163 at 15° nnd contains 31.9 per cent HOI . A concen- 
trated solution of HCl gives off gaaeoiis HCl faster than H,0: a dilute Bolutioa 
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gives off H,0 faster than ECl , as a flnal result in both caecB an acid sp. gr. 1.1 
distils unchanged at 110° and contains 20.18 per cent HCl (Bineau, A.. Ch., 1843, 
(3). 7, S57). 

2. Occorrence. — Found native only in tbe vicinit; of volcanoes. Found as a 
chloride in many minerals, sodium chloride being the most abundant. 

3. Formation. — (a) All chlorides except those of mercury are trans- 
posed by H3SO, ; silver chloride must be heated nearly to the boiling point 
of the HjSOf before the action begins. Lead, antimony and tin chlorides- 
are slowly transposed, 

(6) By the action of sunlight on a mixture of H and CI , or by heating the 
mixture to 150°. (c) Platinum black, palladium, charcoal, aiid some other ttub- 
stancfB which rapidlj' absorb gaeea will canue the union of the hydrofjien and 
the chlorine, (d) When hydrogen is passed over the heated clilorideH of the 
most of the metals of the Ilr.st four groiijis, the metals are Bel free and hydro- 
chloric ncid is formed, (f) Slowly formed by the action of chlorine upon 
water in the sunlia-hl: rupidly bv its nction upon reduHng acids such as 
H,C,O..HHjPO,,H,a,H.S0,, etc.": HH.PO, + SCI, + 3H,0 = H,P0.+ 4H.Ci . 

Chlorides may be made: («) By direct union of the elements, mostly 
without heat. Whether an ous or ic salt is formed depends upon the 
amount of chlorine used, (b) By the action of hydrochloric acid upon the 
corresponding oxides, hydroxides, carbonates, or sulphites. The solutions 
formed may be evaporated to expel excess of acid. If the chlorides thus 
formed contain water of crystallization it cannot be removed by heat alone, 
for part of the acid is by this means driven off, and a basic salt remains. 
If the anhydrous chloride is desired, it may always be made by. (a), and 
when thus formed may be sublimed without decomposition, (c) Chlorides 
of the first group are best made by precipitation, (d) Metals soluble in 
hydrochloric acid evolve hydrogen and form chlorides. In these cases 
tms, and not ic, salts are formed, (e) Many chlorides may be formed by 
bringing HgCl, in contact with the hot metal. 

4. Freparation. — For commercial purposes, made by treating NaCl with 
H,80, and distilling. 

6. Solubilities. — Hydrochloric acid (gas) is very soluble in water as 
stated in (1); forming in its solutions of various strengths the hydro- 
chloric acid of commerce. Its combinations with metals, forming chlor- 
ides, are for the most part soluble in water. AgCl and ^^1 arc insoluble 
in water. FbCli is only slightly soluble in cold water (§57, 5c). These 
three chlorides constitute the first or silver group of metals, and are pre- 
cipitated from their solutions by hydrooUoric acid or solable chlorides 
(§61). Solutions of lead salts are not precipitated by mercuric chloride; 
green chromic chloride is incompletely precipitated and a sulphuric acid 
solution of molybdenum oxychloride not at all by silver nitrate. The chlo- 
rides of Sb'", Sn", and Bi require the presence of some free acid to keep them 
in solution. AsCl^ , PCI, , SbClj , and SnCl^ are liquids at ordinary tern- 
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perature. The firat two are decomposed by water liberating HCl : A*C1, 
-f 3HjO = HaAflO, + 3HC1 . A saturated solution of bismuth nitrate 
is precipitated by HCl as the o.\ych!oride (§76, &f). Hydrochloric acid 
increases the solubility of the chlorides of Pb, Hg, Ag, Sb, An, Pt, 
Bi and Cn' ; it decreases the solubility of Cd , Cu", Co , Ni , Ibi , Tta , Ba , 
8r , Ca , Hg , An , S and NH« . Chlorides of Tli , Ba , Ka , S and HH^ 
are nearly ijisoluble in strong HCl (Ditte, C. r., 1881, 92, 242; .4. Ck., 
1881, (5)," 22, 551; Berthclot, A. Ch., 1881, (5), 23, 86). 

Silver chloride is readily soluble in ammonium hydroxide (separation 
from lead and niercurous chlorides) (§59, 6a); lead chloride is soluble in 
fixed alkali hydroxides (§57, 6a). 

HCl dissolves or transposes all insoluble oxalates, carbonates, hypophos- 
phites, phosphates, and sulphites. Sulphides of Fe", lin, and Zn are 
dissolved readily ; those of Fb , Ag , Sb , Sn , Bi , Cn , Cd , Co , and Hi if 
the acid be concentrated; As^S, and Am^S^ are insoluble in the cold con- 
centrated acid, very slowly soluble in the hot concentrated acid; HgS, 
red, is insoluble; black, very slowly soluble in the hot concentrated acid. 
^SO^ is only partially transposed by HC! (§58, 6f), BaSO, not at all. 
The insoluble sulphates of Pb , Hg*, Sr , and Ca are slowly but completely 
dissolved by the hot concentrated acid. Many of the metallic chlorides 
are soluble in alcohol, a few are soluble in ether. 

6. Beactions. — .4. — With metals and their compounds.— Hydrochloric 
nc'd acts upon the following metals, forming chlorides with evolution of 
hydrogen : Fb (slowly but completely), Sn , Cu (very slowly), Cd , Fe , Cr , 
Al, Co, Ni, Mn, Zn, and the metals of the fifth and sixth groups: 
Ag , Hg , As , Sb , An , Pt , and Bi are insoluble in HCl (Ditte and Metzncr, 
A. Ch., 1S'.)3, (d), 29, 389), 

The following iJiolullic oxides and hydroxides are acted upon by hydro- 
chloric acid, forming chlorides of the nR'tiil without reduction, water be- 
in^ the only bv-product: Pb" , Ag, Hg, As'" (only with very concentrated 
acid), Sb,"Sn. Au'". Ft. Ho", Bi'". Cu, Cd, Fe, Al. Cr'". Co', Ni', 
Mn", Zn , Ba , Pr , Ca , Mg , K , and Na . The ignited oxides unite with 
HCl more slowly than when freshly precipitated or when dried at 100°. 
Ignited Cr^O, is insohiblo in HCl : other ignited oxides, as Fe,0,, A1,0,, 
etc., require very long continued boiling with the HCl to effect solution. 

The following metallic compounds are attacked by hydrochloric arid 
with reduction of the metal and evolution nf chlorine; 

1. 'PV+° becomes PbCl; ; no action with a chloride in presence of a 
three per cent solution of acetic acid, while bromine is completely set 
free from a bromide by FbO, in presence of three per cent of acetic arid 
(detection of a chloride in presence of a bromide) (Vortmann, M., 1888, S, 
610; B., 1887, 15, 1106). 



§269, 6B5. EYDROCBLORIC ACID. 333 

S. Aa" becomes AaCl, , (The presence of very concentrated HCl is 
required; Fresenius, Z., 1862, 1, 448; Smith, J. Am. Soc, 1895, 17, 682 
and 735.) 

5. Bi^ hecomeB BiCIj . 

4. Cr" becomes CrCIj . With KjCTjO, , bromine is completely liberated 
from a bromide in presence of 4 cc. of H,SOt to 100 cc. of water. The 
chlorine of a chloride is not liberated, and the bromine may be removed 
by boiling. Test the solution for a chloride (Dechan, J. C, 1886, 49; 

,682). Dry HCl does not reduce Cr^' but combines with it to form the 
volatile CrOjClj , chlorochromic anhydride (method of detecting a chloride 
in the presence of a bromide). 

5- With the exception of ferrates the salts of iron are not reduced by 
hydrochloric acid. 

6. Co"*" becomes CoClj . 

7. Hi"-*-' becomes NiCIj . 

8. Mn"+'' becomes HiiCl, . KnOi with small amounts of dilute HjSOj 
(1-10) may be used to detect a chloride in presence of an iodide or bromide. 
Boiling the mixture removes the iodine first, then the bromine; while the 
chlorine IB not set free until considerable HjSO^ has been added (Jones, 
C. N., 1883, 48, 296). A mixture of KHSO« and KMnO, completely liber- 
ates the bromine from a bromide in the cold. A chloride remains unde- 
composed until wanned. Aspirate off the bromine, warm and collect the 
chlorine (Berglund, Z., 1885, 24, 184). 

B. — With non-metals and their compoundB. 

1. No reducing action with HjCjO, , HjCO^ , HON , HCNS , H^FeiCI^o , 
and H,Fe(CN), . 

2. HHOj forms chiefly NO and CI . HNO, forms NOjCl and CI , or 
IfOCl and CI , or merely NOj and CI . In ease excess of HCl is used the 
reaction is: SHNOj -f- 6HC1 = SNO + 3Clj + .4H„0 (Koninck and Nihoul, 
Z. anorg., 1890, 477). Dry HCl gas, passed into a cold mixture of con- 
centrated H,SO, and HRO,., , reacts according to the following equations: 
2HCI + 2HK0, — 2HjO + 2N0, + CL, (Lunge, Z. angew., 1895, 4, 8, 
and 11). 

5. No reducing action with H-S , HjSOj , or H^SO, . With thioaulphates 
the unstable U-fi^Os is liberated which depompopcs as follows: 2Ha,SjO, + 
4HC1 = 4HaCl + S^ + 2S0j + 2H,0 . Sulphates of Ag and Hj* are 
completely transposed by HCl , those of Ba , Sr , and Ca not at all, all 
others partially (Prescott, C. N., 1877, 36, 179). 

4. With an excess of HCl , hypophosphiteB, phosphites, and phosphates 
are dissolved or transposed without reduction. 

5. Hypochlorons aoid forms chlorine and water: HCIO + HCl = HjO -f- 
Cl, ■ Chloric acid forms CIO, , C1,0 , and CI in varying proportions. 
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but with HCl in excess the following reaction takes place: EClO, -j- 6HC] 
= KCl + 3C1, + 3HjO (Koninck arid Nihoul, Z. anorg., 1890, 481). 

6. EBrOi is decomposed by boiling with HCl , the bromine being set 
free: SKBrO, + 12HC1 = 2KCI + BFj + 5C1, + 6H,0 (Kaemmerer, 
J. pr., 1862, 85, 452). 

7. With HIOj, IClg and CI are formed, no action in dilute solutionis; 
mOj + 5HC1 = ICl, + CI, + 3HjO (Ditte, A., 1870, 156, 33fi). According 
to Eugarsky (Z. anorg., 1895, 10, 387) KHIjO„ with dilute HjSO, does not 
liberate chlorine from a chloride even on boiling {separation from a 
bromide). 

7. Ignition. — The chlorides of metale are, generally, more volatile than the 
other compounds of the same metals: example, ferric chloride. 

Insolubltj chlorides are readily transposed by fusion with sodium ciirbonate: 
PbClj + Na,CO, = PLO + 2NaCl + CO, . If the earbonate be mixed with 
charcoal, or if the fusion is done on a piece of charcoal, the metal is alsu 
reduced: aPbCl, + 31Ia,C0. + C = 2Pb + 4Naa + ;;C0, . 

Heated in a bead of microcosmic ttalt, previously saturated with copper 
oxide In the inner blow-pipe flame, chlorides impart a blue eolur to the outer 
flame, due to copper chloride. 

Dry sodium sulphate at 150° is transposed by dry HCl (Colson, C. r„ 1R97. 
124, SI). (iiiHeous HCl transposes potassium and sndium sulphntt's completely 
at a dull-red heat. With the sulphates of the alkaline earthn the tranii posit ion 
is nearly complete (Hensgen, B., 1W76, 9, ir>71). The silver halides heat<-d with 
bismuth sulphide on charcoal before the blow-pipe give distinguishing colored 
incrustations: Agl , bright red; AgfBr , deep yellow; AgCl , white (Uoldschmidt, 
C. C, 1876, 297). 

8. Detection. — (o) In its soluble compounds, when not in mixtures 
with bromides and iodides, hydrochloric acid is readily detected by pre- 
cipitation with solution of silver nitrate, aa a white curdy precipitate, 
opalescence if only a trace be present, turning gray on exposure to the 
light 

The properties of the precipitate of silver chloride are given in fS9, 5< 
and 6f. It is of analytical interest in that it is freely soluble in ammoninn 
hydroxide (considerably more freely thar the bromide, and far more freely 
than the iodide of silver); soluble in hot, concentrated solution of am- 
monium carbonate (which dissolves traces of bromide, and no iodide of 
■ilver); insoluble in nitric acid, temporarily soluble in strong hydrochloric 
acid, precipitating again on dilution. It should be observed, that it ia 
appreciably soluble in solutions of chlorides. 

(6) A test for traces of free hydrochloric acid, in distinction from metallic 
chlorides, is made by heating the solution with HnO, , without adding an 
acid, and distilling into a solution of potassium iodide and starch. Larger 
proportions of HCl are more frequently separated by distilling it intact. 

(c) Gaseous hydrochloric acid (formed by adding sulphuric acid to drr 
chlorides, 3a) is readily detected by the white fumes formed when brought 
in contact with ammonia vapor. Also by bringing a stirring rod nttwt- 
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ened with silver nitrate in contact with the hydrochloric acid gas. Con- 
firm by proving the eolubility oi the white precipitate in ammonium 
hydroxide. 

(d) The reaction with chromic anhydride is in uee as a test for hydro- 
chloric acid, more especially in presence of bromides: 

(o) 2HC1 + CrO, = CrO.Cl, (chlorochromic anhydride) + H,0 

(6) 4N8C1 + K,Cr,0, + 3H,S0. = 

2CrO,Cl, + SNa,80. + K,80, + ^S^O 
To obtain a rapid production of the gas, so that it may be recognized 
by its color, the operation may be made as follows: Boil a mixture of 
solid potassiam diohromate and sulphnric acid, in an evapora ting-dish 
until bright red, and then add the eubstance * to be tested, in powder- 
obtained, if necessary, by evaporation of the solution. If chlorides are 
present, the chromium dioxydi chloride rises instantly as a bright brownish- 
red gas. The dislincliun from bromine requires, however, tlutt the mate- 
rial, which may be in solution, should be dislilled, by means of a tubulated 
flask or small retort, tbe vapors being condensed in a receiver, and neutral- 
ized with an alkali (c and d). The chromate formed makes a yellow solu- 
tion (bromine, a col6rlesa solution). As conclusive evidence of chlorine, 
the chromate (acidified with acetic acid), with lead acetate, forms a yellow 
precipitate (bromide, a white precipitate, if any): 

(c> GrO,Cl, + SH,0 = H,CrO. -|- 3HC1 

(d) CrO.Cl, -I- 4(MH.)0H= (NH,),CrO, + 3MH.a -|- 2H,0 
{e) To detect a chloride in the presence of a cyanide or thiocyanate, 
add an excess of silver nitrate, filter and wash. To the moist precipitate 
add a few drops of silver nitrate (§318,34) and then several cubic centi- 
meters of concentrated aiilphuric acid and boil for two or three minutes. 
The silver cyanide and thiocyanate are completely dissolved with decom- 
pbsition, while the silver chloride is not changed except on long continued 
ioiiing. The student should confirm by tests on known material. 

According to Borchers (C. N., 1883, 47, 318), to detect a chloride in 
the presence of a cyanide or a"thiocyanate add silver nitrate, filter, wash, 
and boil the precipitate with concentrated nitric acid to complete oxida- 
tion of the cyanogen compound. See Mann (J?., 1889, 28, 6G8) for detec- 
tion of a chloride in presence of an alkali thiocyanate by use of CitSO« 
and HjS . 

(/) If a solution containing iodides, bromides, and chlorides be boiled 
with Pej(S04), , all the iodine is liberated and may he collected in a 
solution of KI and estimated with standard Ha^SjO, . The solution should 

■With the chloitdei of metcatT oo brovn fumpa am obtained as these ohlorldes are Dot 
tnuupoaed brtbe salpburlo aold; and tbe chlorlilea of leail, silver, ajiUmoiiy, and tin are so 
alovl)' traniposad t^t tliefoniiHtlDn of the chromium dlaiydlcbloTlde may esoepe observation. 
Betoie lelTliw upon tbli teat Uie Bb«enoe of the above nmmed roetala ahould be awured. 
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be cooled to about 60° and a Blight excess of EMaO, added. The bromiae 
is all liberated and may be collected in ITH^OH and estimated as u bromide 
after reduction with SO, . The chloride may now be detected in the 
filtrate and may be estimated by one of the usual methods. Aspirsiioa 
aids the removal of the iodine and bromine (Weiss, C. C, 1885, 63i and 
712; Hart, C. N., 1884, 60, S68). 

[g) VillierB and Fayette (C. n, 1894, 118, 1158, 1204 and 1413) detect 
9. chloride in presence of an iodide and bromide by passing the liberated 
halogens into a solution of aniline in acetic acid (400 cc. of a eatarated 
water solution of aniline to 100 cc. of glacial acetic acid) use 3 to 5 ec. 
of this solution for each test. Iodine gives no precipitate; bromine gives 
a white precipitate; and chlorine a black precipitate. If the bromide be 
present in large excess, add silver nitrate, digest the precipitate with 
ammonium hydroxide, add hydrogen sulphide and test the filtrate as the 
original solution. Liberate the halogen with KHnOj and H,SO, . 

(A) Deniges {Bl, 1890, (3), 4, 481; 1891, (3), 6, 66) uses HjBO, and 
Te"' to liberate the iodine, and EtCrO« to liberate the bromine; then 
after boiling off the I and Bi he adds EHnO, to liberate the chlorine. 
The iodine he detects with starch paper, the bromine fumes are absorbed 
on a rod moistened with EOH, which then gives an orange-yellow color 
with aniline. The chlorine he collects as the bromine and obtains a violet 
■color with aniline. 

(0 Deehan (J. C, 1886, 60, 682; 1887, 61, 690) removes iodine of 
iodides by distilling with a concentrated solution of EjCr„0, ; then the 
bromine of bromides by adding dilute H^SOf and again distilling. The 
chloride is precipitated by AgNO^ after dilution and addition of HNO, . 

{;■) Vortman {M., 1882, 3, 510; Z., 1886, 25, 172) detects chlorine in 
presence of bromine and iodine as follows: The solution containing the 
halogens combined with the alkali or alkaline earth metals is heated with 
arctic acid and peroxide of lend until the supernatant liquid is colorless 
and has no longer the slightest odor of iodine or bromine; in this way the 
whole of. the bromine and part of the iodine arc driven off, the remainder 
of the latter remaining as iodato of lead along with the excess of lead 
peroxide. This is filtered off, (he precipitate washed with boiling water, 
and the chlorine precipitated from the filtrate by addition of silver nitrate. 

9. Eitimatloii. — (a) — It in precipitated by AgNO, . washed, and. after igni- 
tion, weighed as AgCl. (b) Ry a standard xoiution or AffHO, . A litUe 
ITh,HFO, , or, better, K,Ct,0, , is added to the chloride to show the end of tie 
reaction. When enough A^NO, has been added to combine with the chlorine 
the next addition gives a yellow precipitate with the phosphate, or a rod witk 
4he chromate. 
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§270. HypoohloToiu acid. HCIO = 53.458 . 
H'Cl'O-", H~0 — CI. 

1. PropcrUas.— HypocWorous anhydride, Cl,0 , Is a reddiab-yellow gas, con- 
densing at about — BO" to a blood-red liquid, wliich boile at about — 17° (Pelouze, 
A. Ch., 1843, (3), 7, 176). Rise of temperature caueea decomposition, explo- 
sively, into chlorine and oxygen (Balard, A. Ch., 1834, 57, 235). Molecular weiaht, 
86.B. Vapor dengity, 43.5 at 10°, The acid, HCIO , has not been isolated. Ita 
aqueous eolutioii smella like C1,0 , decomposing rapidly, especially in the sun- 
light, into CI and HCIO, . 

2. Oceurrence. — Xot found in nature, 

3. Eormation,— (a) By adding chlorine to HgO in the presence of water: 
2HgO -i- 2Cl, + H,0 = Hg.OCl, -I- 3HC10 (Carius, A., IBliS, 126, 196). (b) By 
adding- five per cent nitric acid to calcium hypochlorite and distilling at a 
low temperature (Koifer, A., 1875, 177, 314). (c) By passing chlorine into the 
sulphates of Ug , Zn , Al , Cu , Ca or Na: Na,BO« + CI, + H,0 i= NaHSO. + 
NaCl -I- HCIO . (d) By heating a mixture of KCIO, and H,C,0, to 70° (Calvert 
and Davies, A. Ch., 185B, (3), 55, 485). 

i. Preparation. — For commercial purposes, as a bleaching agent and as a 
disinfectunt: used as calcium hypochlorite with calcium chloride, chlorinated 
lime, made by bringing chlorine in contact with calcium hydroxide, without 
heating. Lunge and Schoch (B., 18S7, 20, 1474) give the formula Ca~2?^ 
to chlorinated lime. See alao Kraut (.1.. 1882, 814, SM). Alao as sodium 
hypochlorite, made by treating- sodium hydroxide with chlorine short of satu- 
ration in the cold: SNaOH 4- CI, := NaClO -f- NaCl -|- H,0 . The sodium 
hypothlorite-aniJ -chloride — mixed as formed by chlorine in solution of sodium 
hydroxide or sodium carbonate, or hy double decomposition l>ctween solution 
of the calcium hypochlurite-and -chloride and solution of sodium carbonate — ia 
pharmacopu-ial, under the name of solution of chlorinated soda (HaCl.NaClO). 

5. Solubllltiea.— liypocliloritcK ore all soluble in water and are decomposed 
by heating. 

6. BeactionB.— The hypochlorites are all unstable. They are decomposed by 
nearly all acids, incUitlinB CO,: ■^a{C10), -|- 2C0, = aCaCO, + 2C1, -|- 0,; 
4lTaC10 -t- 4HC1 = 4NaCl -|- 2H,0 -|- 2C1, + O, . They are very powerful 
oxidizing agents, acting in acid solution as free chlorine, as the above equa- 
tions iudicate. Hypochlorites act as chlorine in alkaline lui.^ture (|Z68, G) 
(FreseniuB, Z. aniieic, 1805, 501). 

7. Ignition.— All hypochlorites are decomposed by heat: 2KC10 = 2KC1 -\- O, . 

8. Detection. — Although silver hypochlorite is soluble in water, it decom* 
poses very quickly, bo that on adding silver nifriite to sodittm hypochloriti^ 
the final reaction is as follows: 3NaC10 -|- ;iAgNO, = '^AgCl + AgClO. H- 
3NaN0, . When KCIO la shaken with Hg" , yellowish -red Hg,OClj is formed: 
the other potassium salts of chlorine, i. ''., ECl. EClO. , KCIO, and KCIO, , 
have no action upon Hg° . An indigo solution is decolored by hypochlorites, 
while HHnO, is not decolored. If arsenous acid be present, the indigo sohitioti 
Is not decolored until the arsenous acid is nil oxidized to arsenic acid. 

9. Estimation.— It ia estimated as AgCl after reduction with Zn and H,SO, . 
Rosenbaum (Z. ongeie., 1893, SO) grives a method for estimating the various 
cblorine compounds in chlorinated lime. 



§271. Chlorous acid. HCIO, = 68.458 . 

H'Cl'"0-"i, H — — C! = 0. 

1. PropeTti«B.— The anhydride. CI,0, , has n 
Ifl known only in solution, and this generally 
intense yellow color and is very unstable, 

" ■ "either the acid nor its aalts 
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3. TDRnatloii. — An impure chlorous acid is said to be formed when KCIO, U 
treated with HNO. and Ab,0, . C„H„0„ or C.H, (Millon, A. CH.. 1843, (3), 7, 
298; Sebiel. A., 1859, 109, 31H; Carius, -4., 1SC6, 140, 317), Chlorites of a number 
of metals have been made by adding' the bases to a water solution of the acid; 
also from EClO, by transposition. 

4. Freparatioii. — KCIO, is prepared by adding an aqueous solution of CIO, of 
known atrength to the proper quantity of EOH , and evaporating in a vacuum. 
The orj-Rtals of KCIO, which are formed In the reaction are removed and the 
mother liquor is crystallized from alcohol. 

8. Solubllitiea. — All chlorites which have been prepared are soluble in water, 
lead and silver chlorites sparingly soluble. 

6. Keacttona.— Chlorouc acid or potassium chlorite in dilute acid solution Is 
a powerful oxidizing' agent, acting similar to chlorine. 

7. Ignition. — Chlorites when hfsted evolve oxygen and leave a chloride, or 
first a chloride and a chlorate (Brandan, A., 1869, ISl, 340). 

8. Detection. — A concentrated solution of a chlorite gives a white precipitate 
with silver nitrate, fairly readily soluble in more water. KKnO, ta decolored, 
a brown precipitate being' formed. A solution of indig'o is decolored even in 
presence of arsenous acid (distinction from hypochloroua acid). Chloritea 
'When slightly acidulated give a transient nmethj'flt tint to.a solution of ferrous 
sulphate. 

9. Eatlmatton. — By reduction to chloride and estimation as such. By mess- 
nrinr the amount of ferrous iron oxidized to the ferric condition: 4EwO( + 
HCIO, + 2H.80. = gPe,(80,). + HCl + 2H,0 . 



. Chlorine Peroxide. CIO, = 67.45. 



n-. = 



Cl — — C1 = or = C1 = 0* 



Chlorine peroxide, CIO, , at ordinary temperature, is a dark greenish-yellow 
gas. In concentrated eolution it has very much the odor of nitrous acid. 
Cooled in a mixture of ice and salt it condenses to a bromine-red liquid: and 
in a mixture of solid CO, and ether it forms a mass of orunge-yellow, brittle 
crystals. When warmed to about CO" it explodes with violence. In direct 
sunlight at ordinary temperature it dfcomjwses slowly into chlorine and 
oxygen, while In the dark it is quite stable. In contact with many substancee, 
as phosphorus, sulphur, sugar, ether, turpentine, etc., it explodes at ordinary 
temperature. In moist condition it bleaches blue litmus-paper without pre- 
viously reddening it. 

One volume of water afanorbs about 80 volumes of the gas at 4° (Millon. 
A. Ch., 1S43, (3), 7, 298). The solution in water contains HCIO, and HCIO, . 

It is prepared by carefully adding KCIO, to cold concentrated H.SO,; the 
mixture is then carefully warmed to 20°, later somewhat higher. The gas is con- 
densed in a tube cooled bv a mixture of ice and salt: 3KCI0, + 2H:S0. = 
SEHSO. + KCIO. -I- H,0 + 2C10, (Millon, I.e.). It is also made by warming 
a mixture of oxalic acid and potassium chlorate. When prepared in thi» man- 
ner it is mixed with CO,: aKClO, + 2H,C,0. — K,CO. + 2H,0 + SCIO, -!- 
SCO, (Calvert and Davies, A.. IR.'iS. 110, 344). It is also formed, mixed with 
chlorine, when KCIO. is warmed with HCT . HI is oxidized to I; SO, to H.SO, . 
Indigo ia bleached even in presence of As,0, . 

•Pob«l,A.,WlB.m,i. 
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§273. Chloric acid. HCIO, = 84.458 . 
H'CrO-",, H — — CI =? 



1. Fropertlfls. — A solution of chloric acid may be evaporated ii 
until its upecifle gravUv is 1.282 at 14°. The composition is then EC10,.7H,0, 
containing 40.1 per cent HCIO, (Kaeromerer, Fogg., 1869, 138, 390). Farther 
attempts at concentration result in evolution of chlorine and oxygen, forming 
HCIO,: 8HC10, = 4HC10. + 2H,0 + 30, + 3C1, (SeniUaa, A. Ch., 1830, 45, 270), 
Its solution in the cold is odorlesB and colorlcEG; first reddening and then 
tjleaching litHius. It ie a stroni^ oxidizing agent, paper BOaked ^th the add 
takes fire on drying. The anhydride, C1,0, , bae not been isolated. 

8. Occurrence. — Does not occur in nature. 

3. FoTmation. — The free acid may be formed by adding an excess of H,K7a 
to a hot solution of KClO.i the filtrate is evaporated in vacuo, the excess of 
TT.fllF, Tolatilizea, leaving the HCIO, . Many chlorates are formed by treating - 
the metallic hydroxides with the free acid. Also by the action of Ba(C10,), 
upon the sulphate of the metal whose chlorate is required: or by the action 
of the chloride of the chlorate needed, upon a solution of AgClO, . 

4. Preparation. — By adding H,SO. in molecular proportions to a solution of 
Ba(C10,), . Chlorates of the fifth and sixth group metals are prepared by 
passing chlorine into the respective hydroxides dissolved or suspended in water. 
By repeated crystallization the chlorate is separated from the chloride which 
is also formed: 6K0H + 3C1, = 5KC1 4- KCIO, + 3H,0 . 

5. Solabilities.— All ehloratea are soluble in water, the chlorates of 
H;g , Sn , and Bi require a little free acid. Mercurous and ferrous chlorates 
are very unstable. PotaBsium chlorate is the least soluble of the stable 
metallic chlorates; soluble in about 21 parts water at 10° (Blarez, C. r., 
1891, 112, 1213). 

C. Beactiona. A. — With metals and their compouads. — Chloric acid 
attacks Hg evolving hydrogen and forming a chlorate only. With Zn, 
Te, Sn , and Cu some chloride is also formed. With Zn and H^SO^ the 
reduction to chloride is complete, and with sodium amalgam no reduction 
whatever (Thorpe, J. C, 1873, 26, 541). With the zinc-copper couple • 
the reduction to a chloride is rapid and complete. The hot concentrated 
acid attacks all metals. With oxides or hydroxides the acid forms chlor- 
ates provided a chlorate of that metal can by any means be formed. Free 
chloric acid is a strong oxidizing agent, and if an excess of the reducing 
agent is used, it ia converted into hydrochloric acid, or a chloride. With 
the aid of heat the chloric acid splits up, forming some chlorine and 
oxides of chlorine. 

Hg' forms 'Kg". 

As"' forms Aa", 

Sb'" forms Sb^ 

Sn" forms Sn''. 

Cn' forma Cq". 

• Qlailfltone and TFlbe's copper^no oonple la prepared br treating thin eIdd foU with s 1 per 
oent solution of copper sulphate until the zina Ib covered with a blauk deposit of raduoed cop- 
per. When washed and dried It Is leady for uae. 
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Cr"' forms Cr", chromic salta ere leadil; oxidized to chromic acid on 
boiling with KCIO, and HHO, . 

Fe" forms Pe'" (a distinction from perchlofic add) (Camot, C. r., 1896, 
122, 453). 

ICn" forms Hn'^, manganous salts are rapidly oxidized to KnOg on varm- 
ing with KCIO, and HNO, . 

Salts of lead, cobalt, and nickel do not appear to be oxidized on boihng 
with KClOj and HNO, , 

B. — With non-metali and their compounds. 

i.'HjCjO, forms CO, and varying proportions of CI and HCl . Heat 
and excess of oxalic acid favors the production of HCl (Guyard, BL, 1879, 
, (3), 31, SdO). All oxalates are decomposed, CO, and a chlorate or chloride 
of the metal being formed. Carbonates are all transposed. 

HCnS forms H^SO^ , HCN , and HCl . 

H,re(CH)s first forms H,Fe{CN), and HCl ; a great excess of HCIO, 
decompopos the HaPe(CN)a . 

£. SSOj forms HKO, and CI . Kitrites are transposed and oxidized, 
forming chlorates or nitrates of the metal. 

S. PH,, HHjPO,, and H^POj form H^iPO, and HCl. Hypophosphites 
and phosphites are transposed and then oxidized, H^FOf and a chlorate or 
a chloride of the metal being produced. 

4. S"*"" forms S^ and HC! ; that is, the snlphur of all componnds 
becomes H^SO^ with formation of HCl . AH sulphides, sulphites, thio- 
sulphates, etc., are transposed, forming a chlorate, chloride, or sulphate 
of the metal. 

5. HCl in excess forms only CI and HjO (§289, 6B5). MaCl warmed with 
HCIO, evolves CI , leaving only NaClO, . 

6. HBr forms Br and HC! . KBr warmed with HCIO, evolves Br , leav- 
ing only KCIO, . 

7. I and HI form HlOg and HCl . Soluble iodides form iodic acid or 
an iodate. 

7. Ignition. — All chlorates are resolved by heat into chlorides and 
oxygen: 2EC10, = 8KC1 + 30j . Some perchlorate is usually (onuoil as 
an intermediate product: 2KC10, = KClOj + KCl + 0, (Serullas, A. Ch., 
1830, (2), 46, 2~0). la presence of various metallic oxides, etc., the 
oxygen is separated more easily, the metallic oxides remaining unchauRt'd. 
With manganese dioxide, the oxygen of potassium chlorate is obtained at 
about 200°; ferric oxide, platinum black, copper oxide, and lead dioxi-k 
may be used (§842, 3). If chlorates are rapidly ignited some chlorine is 
given off (Spring and Frost, Bl, 1889, (3), 1, 340). When triiuraled or 
heated with combnBtible substances, charcoal, organic substances, sulphur, 
sulphites, cyanides, thiosulphates, hypophosphites, reduced iron, etc.— 

- - „ic 
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chlorates violently explode, oving tu their sudden decomposition, and the 
gimult&neous oxidation of the combustible material. This explosion ia 
more violent than with corresponding mixtures of nitratea. 

Alkali chlorates when fnaed with an alkali, or an alkali carbonalf, and 
a free metal or a lower oxide, or salt of the metal, generally oxidizos it to 
a higher oxide, or to a 8alt having an increased number of bonds; and 
the chlorate is rednced to a chloride — e. g., Mn"~" becomes Mn^ . That 
is, any compound of mansanese having Ipss than fix bonds is oxidized to 
the hexad (o). Cr"' becomes Cr"' (6). As^-" becomes Ab^ (c), PV^"" 
becomes Pb^^ {d). Co"'-° bpcomes Co'" (s). (pv-- becomes C'^ {/). P"-" 
becomes P^ [g). P""" becomes P" (ft). S^"" becomes S" (t), 
(a) 3Hn,0, + IHKOH + SKaO, = 9E,UiiO, + SECl + 9H,0 
(6) aCrCl, + lONaOH + NaClO. — 2NB,CrO, + TNaCl + sH,0 
\c) 3A«. + 36KOH + lOKClO, = laK.AsO, + lOKCl + 18H,0 
■ id) 3Pb,0, + Na,CO, + 2NftC10, = 9PbO, + ENaCl + Na,CO, 
(e) 6CoCl, + 12K0H + KCIO, = 3Co,0, + 13KC1 + 6H,0 
(n 3K,C,H,0, + 5KC10, = 5KC1 + 3K,C0, + 9C0, + 6H,0 
(U) 3Pb(H.PO,), + 18K0H + SKCIO, = :!PbO, + cK.PO, + 5KC1 + ISH.O 
CM Znl, + K,CO, + 2KC10, = ZnO +. 2KI0, + 2KC1 + CO, 
({) 3E,8.0, + 12E,C0, + lOEClO, = 15E,SOi + lOKCl + 12C0, 

8. Seteotion. ^^J Dry chlorates when warmed with concentrated sul- 
phuric acid, detonate evolving yellow fumes : 3KCIO3 + 2H,S0« = SJKHSO^ 
-|- KCIO^ + 2C!0i + HjO. This action is modified by reducing agents; 
some acting rapidly, increase the detonation; others acting slowly, lesson 
it. (6) HCIO3 , like HNO3 , decolors indigo solution and gives colors with 
brucine, diphenylaminc, paratoluklinc, and phenol similar to those fonned 
by HHO, . (c) By ignition a chloride ia left: 2KC10, = 2KC1 + 30,. 
{d) It is changed to a chloride by nascent hydrogen: SECIO, + 6Zn •\- 
7H,S04 = 6ZnS0, + K^SO, -f- 2HC1 + 6HjO; or by reducing acids or 
bases : 2KC10, + HjSO^ + 6H,S0, = K,SO, + 6H,S0. -(- 2HC1 . The 
resulting HCl is then identiHed in the usual manner. Chlorides, if origin- 
ally present, should first be removed by silver nitrate. 

9. EsUmaldon. — (a) Reduction to a chloride and estimation as such, (b) Addi- 
tion of HCl and KX and eetimation of the liberated iodine with standard 

ir»,a.o. . 

§274. Perchloric aoid. HCIO, = 100.458 . 
^0 
HCl^^'O-". , H — — C! = 
^0 

1. ProperUafl. — Bpeciflc gravity, 1.782 at 16°. The anhydrous HCIO, is a color- 
less oily liquid, volatile but cannot be distilled without partial de com position, 
often with explosive violence. Only its solution in water can be snfely handled. 
Paper, charcoal, ether, phosphorus, and many other substances w lie a- brought 



in contact wftb the nnhjdrons acid tnke Are. Tbe dilute acid le very si&ble, doI 
beine eauily reduced (Bertlielot. A. Ch., 1982, (5), 27, 214). It does not bleach, 
but merely reddens blue litinutj pnper. 

2. Occurrence. — Not found in nature. 

.1. Formatton. — (a) By electrolysis of a solution of CI or HCl in water 
<Riclie, C. r.. 1858, 46, :MW). ('<) EClO, is formed by electrolysis of KCIO, , 
lisiii'; platinum electrodes (LidolT and Ticbomiroff. J. C, 188:1, 44, 146). (r) 
KCIO, is beated witb an exee^ til H,S1F, , after cooling and filtering, the 
Iirtiate is carefully dlNtllled (lioacoe, J. C, 1863, 16, 82; i., 1SG2. 121, si6). 
(d) By treating the sulphate of the nietal, the perchlorate of which ia derirtd, 
with Ba.(C10,), in molecular proportions, (r) By treating the chloride of the 
metal, the perchlorate of which is desired, with AgClO, in molecular propm"' 
tioiiH. 

4. Frepftratton. — KCIO, te made by carefully heating KCIO, until no more 
oxygen Is evolved: 2EC10, = KCl + KCIO, -|- Oi C)- l^e residue Is disBalTfd 
In water and upon cooling cryBtals ot KCIO, neparate. Tbe free acid, nmrly 
pare, is obtained by cautiously distilling' KCIO, with concentrated H,80, . 

5. Solabllitiea.^A!l ot the perchlorates of the ordinary metals are soluble 
In water, and all are deliquescent except HH,C10, KCIO, , Fb(C10,), and 
BgClO, (Serullas, A.. Ch., 1831, 46, 362). Potassium perchlorate ia soluble in 
142.3 parts of water at 0°. in S2.5 parts at 25°, and in 5 parts at 100° (Muir, 
C .v., 1876, S3, 15). ZCIO, is insoluble in alcohol (distinction from IfaQO,) 
(Schloessing, A. Ch., 1S77, (5), 11, 561). 

ft. Keactiooa. — Iron and zinc evolve hydrogen when treated witb perchloric 
acid. The acid reacts with the hydroxides of many metals to form per- 
chlorates. It is not reduced bv HCl , HITO, , H,S or SO, . Iodine is oxidized 
to HIO, with liberation of chlonne: I, + ZHCIO, = 2HI0, + CI, . A solution 
of indigo is not decolored by HClO, even after the addition of HCl (distinction 
Irom all other oxyacids of chlorine). It is not reduced by the aine-copper 
couple (distinction from chlorete). Sodium perchlorate, HaClO, , is used as « 
reagent to precipitate potassiuir salts. 

7. Ignition. — I'erchlorates strongly ignited evolve oxjgen and leave a chloride 
<fi242. 3). 

8. Detection. — In presence of a hypochloi'ite, chlorite, chlorate and chloride 
boil thoroughly with HCl; the first three are decomposed, leaving chloride and 
perchlorate. Remove the chloride with AgNO, and fuse the evaporated filtrate 
with Na.OO, , Dissolve the fused mass in water and test for a chloride; ita 
presence indicates the previous presence of a perchlorate. 

9. Eatlmation. — (a) After being changed to a chloride as indicated above, it 
is estimated in the usual manner, (ft) It is fused with zin.c chloride and ihe 
amount of chlorine liberated measured by the amount of iodine set free from a 
solution of potassium iodide (sepa rati on from chlorate, chlorides and nitrates). 
(e) KCIO, is heated to 200° with HFO, and KI; the iodine liberated showing 
the amount of perchlorate present (Qoocb and Kreider, Am. 8., 1894, 4B, 33; and 
1895, 40, 2ST). 



§278. Bromine. Br = 79.95 . Valence one snd five. 

1. FropeitlMi. — Moleevlar iceifhf, I5g.90; t»ipor dentltv, 80; gpeeific ffratitv, 3.18S28 
at 0°: boiling point. 59.27° (Thorpe, J. C„ 1B80, 37, 172). At —7.2° it becomes s 
brown solid (Philippa, B., 1879, 18, 1421). At ordtnarir temperatures bromine 
is a brown-red, intensely caustic liquid, freely evolving brown vapors, corro- 
sive vapors of a sulTocating chlorine-like odor. As a solid it is still darker in 
color. It reacts witb EOH in all respects similar to ohlorine (3268, 1). Indigo, 
litmus and most other organic coloring matters are bleached. A solution of 
starch is colored slightly yellow. 

Bromine decomposes hydrosulphuric acid with separation of sulphur, ana 
subsequent production of sulphuric acid; ehanges ferrous to fertlc mHh, and 
(In presence of water) acts as a strong oxidiring agent. It disptaoes iodine 
from iodides, and is displaced from hrnir-des by chlorine; Its charactor being 
Intermediate between that of chlorine and that of iodine. 
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Xo o\i<les of bromine have, nilh certainty, been isolirted. The well-estab- 
lished acids are: Hydrobromic, HBr; hypobrDmoua, BBrO: bropjic. HBrO, : 

2. Occamnce. — Not found free in nalure. Ab a bromide in sea water, mother 
liquor from salt wells, mineral Epringg, and iu a few minerals. 

3. Formation (a) Hydrobromie acid or any soluble bromide is Tianued with 

KnO, aud BiSO, . (6) Any soluble bromide is. treatsd with chlorine water 
_aiid the solution warnitd. 

4. Preparation. — The bromine of commerce is (obtained chiefly from the 
mother liquor of the salt works: (a) By treating with XlnO, and B,BO,: KgBr, 
+ MnO, + 2H,S0, = MgSO, + MnSO, + Br, + 2H,0 . ((.) By leodinp a 
current of steam and chlorine into the bottom of a vessel filled with coke, 
into which a stream of the mother liquor flows from above: MgBr, + CI, i= 
MgCl, + Bt,. (c) By adding: to the mother liquor a mixture of Mg(OH), , 
suspended in writer and saturated with chlorine, rendering' acid and distilling 
ia a current of Meam: ]Cg(C10,), + 6UgrBr, -f ISHCl = TUgCl, + 6H,0 + 
6Br, , (d) By electrolysia of the mother liquor at a low temperature and then 
distilling in a current of Bteam. 

Commercial bromire is freed from chlorine by adding KBr and dtBtilling. If 
iodine be present it ia first removed as Col . 

6. Solubilities. — Bromine dissolves in 30 parts of water at 1S°, forming an 
orange-yellow eolutiOU (Dancer J. C, 1863, 16. 477): ItB water scdution is 
permanent, but slowly decomposes: 3Br, + 2S,0 = 4HBr + 0,, Much more 
soluble in HCl , HBr , KBr , BaCl, . SrCl, , and in many other salts than in 
water. Soluble Jtt carbon disulphide, chloroform, ether and alcohol. Beadlly 
removed from its solution in water by shaking with carbon disulphide or 
chloroform, imparting a brown color to the solvent, 

6. Beactions. A.—Wiih metals and their compotmdB. — Bromine unites 
directly with gold, platinum, and all ordinary metals to fonn bromides. 
Silver salts are precipitated, yellow-white, as bromide and bromate: 
6Ag:K0, + 3Br, + 3HjO — 5AgBr + AgBrO^, + CHNO, . In the follow- 
ing metallic compounds the valence of the metal is changed ; the bromine 
being reduced to HBr or, if in alltaiine mixture, to a bromide. The reac- 
tion IB less violent than mth chlorine. 

I. Pb" becomes PbOj in alkaline mixture only. 

£. "K^ becomes Hg" in acid and in alkaline mixture. 

5. As'" becomes As^in acid and in alkaline mixture. With AaH, and 
a solution of bromine in water H,AiOb is first formed, and if the bromine 
be in excess the final products are H,AsO, and HBr . 

^. 8b'" becomes Sb'* in acid and in alkaline mixture. 

5. Sn" becomes Sfl"^ in acid and in alkaline mixture. 

6. Bi"' becomes "BLfls in alkaline mixture only. 

7. Cit' becomes Cn" in B>;id and alkaline mixture. 
S. Cr"' becomes Cr" in alkaline mixture only. 

9. Pe" becomes Fe'" in acid mixture; in nll.aline mixture the iron is 
further oxidized to a ferrate, HBr or a bromide being formed, 

10. Co" becomes Co'" in alkaline mixture only. 

II. Hi" becomes Ni'" in alkaline mixture only (Kilpins, /. C, 1876, - 
28, 748). , 

, i.,C,ooglc 
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12. llii^~" becomes Kn'^ in alkaline mixture only, 

B. — With non-metals and their compoirndB. 

/. HjCjO^ becomee a carbonate and a bromide in alkaline mixture. An 
excess of hot saturated oxalic sulutiou changes Br to HBr . 

HCKS forms, among other products, HjSO, and a bromide in acid mii- 
ture, and a sulphate and a bromide in alkaline mixture. 

H,Fe(Cn), in acid mixture forms HsFe(CH), and HBr , in alkaline mii- 
lure o ferricyanide and a bromide (Wagner, J. C, 187G, 29, 741), 

2. HNO, bccomeB HNO, and HBr if dilute and cold. 

S. FH, , HH2FO2 and H3FO, become H^FO^ and HBr with acids, and a 
phosphate and a bromide in alkaline mixture. P and Br unite to form 
PBTj or FBr, , depending upon relative amounts of the elements present. 
The phosphorus bromides are decomposed by water, forming HBr and 
the correspond iji;i aciJs of phosphorus. 

4. S°, HjS , HjSOj , H,S„Oa , S^'-" becomes HiSO, and HBr with acids, 
a sulphate and a bromide in alkaline mixture. 

5. Br does not act as an oxidizing agent upon the compounds of chlorine, 
but may, at low temperatures, combine with chlorine to form a chlorine 
bromide, BrCl (Boruemanu, A., 1877, 189, 183). 

6. In alkaline mixture hypobiomites by boiling are oxidized to bromates 
wiih formation of abromide. 

7. Iodine becomes an indate and a bromide in alkaline mixture; the 
elements may combine to form the unstable bromiodide, IBr (Bomemann, 
/. c). HI and iodides form I and HBr, but in alkaline mixture an iodate 
and a bromide are produced. 



8. Detection. — Bromine is usually detected by shaking its solution in 
water with CSj, which dissolves it with a reddish-ye'llow color; if precerl 
in large quantities the color is brown to brownish black. In this ca^e 
a large excess of CS^ must be used or a very small portion of the unknown 
taken, in order that the solution be dilute enough for the reddish -yellow 
bromine color to be disliniruishcd from the violet color of iodine. 
Ether or chloroform may he used instead of carbon disnlphide, but thf 
solution is of a paler yellow. Starch solution pives a yellow color with 
bromine, but the reaction is less delicate than with CS. . 

9. Estimation. — (a) The bromine Is made to act upon KI , and the iodine 
which is libernled is estimated by standard solution of NaiS,0, . (6) It is 
estimated bv the nmount of Ab-0, which it oxidizes in alkaline solution, (c) It 
1h converted Into HBr by H,S or H,SO, , end then precipitated by AgNO, . 
nnd weighed as AjfBr . 



s 
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§276. Hydrobromic acid. HBr = 80.958 . 
H'Br-', H — Br. 

1. PxoptTtiea.— Molecular toeight, H9.fl. Vapor densitv, 39.1. A colorless gas, 
CondeDECH to a liquid at — 69" and aolidiJicB at ^73° (Faraday, A., 1845, SB, 135). 
Ita aqueoua BOlulion is t'olorleBH and is not decomposed by exposure to tbc 
air. The specific gravUi; of the saturated solution at 6° is 1.78; containing fca.CB 
per cent HBr, or very nearly HBr.H,0 . If a saturated solution la boiled, 
chiefly HBr la g-iven off, and if a dilute solution is boiied, chiefly H,0 is given 
ofl, until in both cases the remaining liquid contains 47.38 to 4T.8ti per cent 
of HBr , its sp. gr. 1.485, its boiling point constant nt 136°. and its composition 
almost exactly EBr.5H,0 , which distils over unchanged. Its vapor density 
of 14.1 agrees with the calculated vapor density of BBr.5H,0 . 

S. Occurrence. — Not found free in nature, in combination as bromides in sea 
water and in some minerals. 

3. formation. — (a) By action of bromine upon phosphorus immersed in 
water, the amorphous phosphorus is preferred; P. + lOBr, + 16H,0 ^ 4H,FO, 
+ BOHBr . (6) By action of H,PO. or H,SO. on B3r (Bertrand, J. C, 1876, 28, 
Sn). (C) By transposition of B&Br, by cold dilute H,SO, added in molecular 
~>roportlons. (d) By pasiring a mixture of Br and H over platinum sponge. 

r) By action of Br on E,PO, . (/) By adding Br to Na,SO, . 
Hetalllc bromides are formed: (f) By direct union of the elements, but in a 
few cases heat is required to effect the combination. (2) By action of HBr 
upon the metallic oxides, hydroxides and curbonntes. [3) Many bromides are 
formed by action of HBr on the free metal, oas salts and not Jc being formed. 
(4) Bromides of the first group are best made by precipitation. (5) Bromides 
«f K , ITa , Bft , Sr and Ca are made by the action of bromine oo their hydrox- 
ides and subsequent fusion: 

6K0H + 3Br, = EBrO, + 3KBr + 3H,0 

2KBrO, (ignited) = SKBr + 30, 

4. Pr^axktloii. — (a) H,B is added to a solution of bromine in water nntil 
the yellow color disagpeara; the solution is then distilled. The first portion 
of the distillate is rejected it It contains H,8, and the latter portion if it con- 
tains H,SO, (Recoura, C. r., 1890, 110, 784). (b) H,SO, is added to a concen- 
trated solution of KBr; after twenty-four hours the greater portion of tha 
XHSO, has crystallized out. The remaining liquor is then distilled. The 
product usually contains traces of H,SOi. (c) By passing bromine into hot 
parafGne (Criemer, B., 1884, 17, 649). 

5. Solnbilitiea. — Silver and mercurous bromide are insoluble in water, 
lead bromide is sparingly soluble; all other bromides are soluble. Hydro- 
bromic acid and soluble bromides precipitate solutions of the metals of 
the first group, lead salts incompletely. Lead bromide is less soluble than 
the corresponding chloride. The presence of soluble bromides increases 
the solubility of lead bromide. A small amount of hydrobromic acid 
decreases its solubility, but a larger excess increases it (Ditte, C. r., 1881, 
92, 718). 

In alcohol, the alkali bromides are sparingly or slightly soluble; calcium 
bromide, soluble; mercuric bromide, soluble; mercurous bromide, insolu- 
ble. SilTcr bromide is soluble in NH^OH . 

6. Reaotiotii. — A. — ^Wlth metali and their compounds. — Hydrobromio 
acid dissolves many metals with the formation of bromides and evolution 
«t hydrogen, 0. ^., Pb , 8n , Fe , Al , Co , Hi , Zn , and the metals of the 

- .l\^ 
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calcium and the alkali groups. It umtee with salt forming oxides ani 
hydroxides to produce bromidtitj without change of yalence: FbO -l~ SiukT 
= FbBr, 4~ HgO. But if the valence of the metal in the oxide or 
hydroxide is such that no corresponding bromide can be forme<i, ibea 
reduction takes place as follows: 

1. Pb°+" becomes PbBr, and Br . 

2. Ab" becomes Aa'" and Br , The HBr must be concentrated aiiJ Id 
excess, and the Ab'*' compound merely moistened with water: H,AsO, + 
SHBr = HgAsOg + Br, -|- HaO . In presence of much water the reverse 
action takes place: H^AiO, + Br, + H,0 = HjAaO, + SHBr . 

3. 8V becomes Sb'" and Bt . 

4. BV becomes BiBr, and Br . 

5. Pe"' becomes F«"' and not Fe" , and Br . 

6. Cr" becomes CrBr, and Br (a separation from a chloride if the solu- 
tion be dilute) (Friedhoim and Meyer.iT. anonj., 1891, 1, -107). ZBr is'iiot 
decomposed by a boiling concentrated solution of K,Cr,Or (separation 
from KI) (Deehan, J. C, 1887, SI, 690). 

7. Co"*'' becomes CoBFj and Br . 
S. Ri"+' becomes NiBr, and Br . 

9. Vn"-^" becomes HitBr, and Br (§268, 8; Jannasch a»d Aschofi; Z. 
anorg., 1891, 1, 144 and 245). KHnO^ liberates all the bromine from KBr 
in presence of CuSO, (a separation of bromide from chloride (Baubigny 
and Rivals, C. r., 1897, 124, 859 and 954). 

Silver nitrate solution precipitates, from solutions of bromides, siher 
bromide, AgBr, yelloivieh-whito in the light, slowly becoming gray to 
black. The precipitate is insoluble in, and not decomposed hy, nitric acid. 
soluble in concentrated aqneous ammonia, nearly insoluble in concentraled 
solution of ammonium carbonate, slightly solnblo in e.vcess of nlkaK 
bromides, soluble in solutions of alkali cyanidea and thiosulphates. It is 
slowly decomposed by chlorine. 

Solution of mercnrooi nitrate precipitates mfni.rous bromide, HgBr, 
yellowish -white, soluble in excess of alkali bromides. 

Solutions of lead salti precipitate, from solutions not very dilute, lead 
itromitU, PbBr, , white. 

B, — With non-metals and their compounds. 

1. H:,Fe(CN)„ becomes H,Fe(CN)„ and Br . The HBr must be in excee 
and concentrated, also the ferricyanide should be merely moistened with 
water, OS in the presence of much water the reverse action takes place: 
2K.Fe(CN), + Br^ ^ 2K,Fe{CH), + 2KBr . 

H. HKO, , in dilute solutions, no action (distinction from HI) (Qooch »nd 
Ensign, Am. S., 1890, 140, 145 and 883). 

HHO, becomes NO and Br . _, 

CgilzcJ.vCjOOglC 
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3. Fhospbfiriis compounds arc not reduced. 

4. H^SO, becomes SO^ and Br . Both acids must be concentrated and 
hot, otherwise the reverse action takes place: SO^ + Br, + 2HjO = HjSOt 
+ ^H£r. With H^SO^, sp. gr. 1.41, no hiomine is set free even when 
solution is boiled (Feit and Kubierschky, J. Pharm., 1891, (S), 24, 159). 
The bromine of bromides is all liberated when warmed to 70° or 80° with 
ammonium persulphate (separation from a chloride) (Engel, C. r., 181)4, 
118, 1363). 

5. Chlorine liberates bromine from alt bromides, even from fused silver 
bromide (Kihoul, Z. aiigew., 1891, 441). 

HCIO, bccomtis HCl and Br . If the HClOj be concentrated other pro- 
ducts may appear. 

6. HBrO liberates Br from both acids; the same with HBrO, . 

7. HIOj becomes I and Br . 

S, Hydrogen peroxide liberates the bromine from hydrobroraic acid at 
100° (a distinction and separation from chloride). The bromine can best 
be removed by aspiration (Cavazzi, Gazzetla, 1883, 13, 174). 

ld be Bnblimetl iin<teconi posed in presence of 
md Hg^Br, . Some can be sublimed only by 
niio moisture; e. y., AlBr, nnd NiBr, . Bromides of BOdiiim and 
not changed by heat. Siiver bromide melts undecompoHCil. 
Many bromides, however, are more or less dpconipoBed when igfiilted In pres- 
ence of air and moisture: CuBr, becomes CnBr and Br . 

8. Deteotion.^ Bromides are usually oxidized to free bromine, which is 
detected by its physical properties and by its color when dissolved in 
CSj (g27S, 5), The oxidizing agent used to liberate the bromine varies 
according to the conditions. Chlorine is more commonly employed and 
acts when cold (6B5). A large excess of chlorine is to be avoided, as it 
decolorizes bromine solutions with formation of a chlorbromide. Nitric 
acid when dilute acts slowly unless hot. H,SO, , dilute, fails to oxidize 
the HBr even when hot; but when concentrated and hot is sometimes 
preferred. If chlorine bo ui^cd, the mixtiire if alkaline must first be 
acidified; otherwise a colorless bromate will bo fonncd, free bromine not 
teing a visible intermediate step in the oxidation : KBr ■■{- (>SOH -(- 301. 
= KBrOj -I- 6KC1 + 3H,0 . If an iodide be present: (a) In absence of n 
chloride precipitate with silver nitrate, and digest the precipitate with 
NH.OH, which will dissolve the ^Br and none of the Agl. The filtrate ' 
may he treated with H„S, vrhieh precipitates the silver as hg.B, leavir^r 
the bromine in the filtrate as NH,Br , which may be detected in the usual 
way. (b) To the acid mixture add chlorine water and carbon disulphidc, 
ahaVfl and continue the addition of the chlorine water until the violet 
color of the iodine solution disappears, when the brown color due to th* 
bromine may be observed: SKI -f- 2KBr -f 701, -f 6H,0 = 2HI0t + Br. 
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|-{- 4EC1 4~ lOHCl . {c) To the solution from which the bases have been 
removed add a cold saturated solution of potassium chlorate and dilute 
sulphuric add {one of acid to four of water); warm until the solution is 
of a pale straw color, or colorless if only iodides are present. It maj be 
necessary to add more of the solution of potassium chlorate to complete 
the oxidation of the iodine. Dilute the solution with water, cool, and 
shake with carbon disulphide. See also §269, 8. 

6EI + 6EBr + 2EC10, -f- TH,SO, = 3l, + SBi, + TE,80, -{- 2HG1 + 6H,0 
«I, + xBr. + lOKClO, + 5H,B0. + 6H,0 = 12HI0, + xBr, + SE,SO, + lOHCl 

e. £Btlma,tlon. — (a) It is converted into A^Br , and after gentle ignition 
weighed as such, (ft) The bromide is oxidized to free bromine, which ii 

BiBsed into a solution of KI nnd the liberated iodine titrated with titandard 
&iS,0, . (c) The bromide is oxidized to bromine, which is passed into ao 
alkaline aolutlon of arsenoiiB acid. The excess of the arsenous acid ia titrated 
^th a standard solution of KHnO, . 



§277. HypobromoUB acid. HBtO = 96.958 . 
H'Br'O-" , H — — Br . 

The nnhydride, Br,0 , has not been isolated. The acid, HBrO , ia a rerj 
nnstable yellow liquid, a istrorg oxidizing and bleaching agent. The hypo- 
bromitCH are less stable than the corresponding hypociilorites. The calcium 
and the alkali group hjpobromites may be prepared by adding bromine to the 
respective hydroxides in the cold. T]ie free acid is obtained by the action of 
bromine upon mercuric oxide: 2HgO + 2Br, + H,0 =z Hg,OBr, + 2HBtO; 
also by the action of bromine upon silver nitrate: AgNO. + Br, + H,0 = 
AgBr + EBtO + ENO, (Dancer and Spiller, C. H.. IHeO, I, 38; 1862, 6. 249(. 
The free acid as an oxidizini; agent reacts in many cases EJinitar to free 
bromine. With HBr free Br is obtained from both acids (Schoenbein, J. pr-. 

1863, 88, 475). 



Bramio aoid. HBrO, - 



H'Br''0-"3,H- 



^0 



1. FroportieB. — The anhydride, Br,0, . has not been isolated: and the acid, 
HBrO,, is known only in solution. It is a colorless liquid, smclliny like bro- 
mine. It is a strong oxidizing agent. The solution of HBrO, is decomposed 
upon boiling, but by evaporating In a vacuum a solution containing about 
to per cent of the acid mny be obtained. 

2. Occurrence.— »it her the acid nor its salts are found In nature. 

a rormatlon.— (<0 Hv ^I^p electrolysis of HBr (Riche. C. r., JS58. 46, mf). 
(ft) Bv the decomposition of AgBrO. by Br: SAgBrO. + nBr, + 3H,0 = 5AeBr 
+ 6HBrO, . (p) An alkali hrnmnte is made bv adding bromine to a solution 
of chlorine In sodium en.-houHte (Karmmercr. J. jir., 1862, 85, 4S2). 

4 Preparation.— Itrom.ntes of Ba . Sr , Ca , E and Na. are made by the action 
of bromine upon the respective hydroxides at 100°: 6K0H + :iDr. = 5XBr + 
KBrO, + 3H-0 . The free acid is prepared by adding dilute H,SO, in Blight 
escpPB to Ba(BrO,),: the slight excess of H,SO. being removed by the cautioiH 
addition of B&(OH), . 

" " O" 
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5. Solabilitiei.— AgBrO, is soluble in 133 parts of water at 24.5° 
(Noyes, Z. pkys. Ch., 1890, 6, S46). Ba(BrOs), is soluble in 124 parts of 
water at ordinary temperature and in 24 parts at 100° (Rammelsberg, 
Pogg., 1841, 62, 81 and 8G). With the exception of some basic broinatea, 
all other bromates are soluble in water. 

6. Beactiong. — A. — With tnetali and their compoonds.— Bromic acid is 
a powerful oxidizing agent, acting in most respects like free bromine. 
It is usually reduced to hydrobroniic acid, sometimes only to free bromine: 

1. Hg* becomes Hg" and a bromide, 
£. Aa'" becomes As" and a bromide. 
$. Sb'" becomes Sb" and a bromide. 
Jf. Sn" becomes Sn"" and a bromide. 

5. Cn' becomes Cn" and a bromide. 

6. Fe" becomes Fe'" and a bromide. 

7. Mn" becomes MnO, and bromine. 

8. Cr"' becomes H,CrO, and bromine. 

Silver nitrate precipitates in solutions not very dilute, silver bromatt, 
AgBrO, , white, sparingly soluble in water, soluble in ammonium hydroxide, 
easily soluble by nitric acid, its color and solubility in ammonium hydroxide 
differing a little from the bromide (§276, 5). It is decomposed by hydro- 
chloric acid with evolution of bromine — a distinction from bromides and 
from other argentic precipitates. 

£.— With non-metals and their compoQads. 

1. HjCA becomes CO, and Br. An excess of hot HjCjO, changes the 
Br to HBr (Guyard, BL, 1879, (2), 31, 299). 

HCTS becomes HiSO, , HBr and other products. 

H<Fe{CS), becomes H,Pe(CN), and HBr . An excess of EBrO. came* 
the oxidation farther. 

S. HNOi reduces HBrO, , forming HHO, and Br . 

S. FH,, HH3FO, and HsFOs become HjFOt and HBr. 

i. S and SO, become H^SO^ and HBr . 

HjS forms first S then H,SO« . 

5. HCl becomes CI and Br . 

6. HBr forms Br from both acids. 

7. HI becomes I and Br . With an excess of EBrOj the products are 
HIOj and Br (Kaemmerer, I c, Wittatein, Z., 1876, 15, 61). 

7. Ignition.^ All bromates are decomposed upon heating. EBrO, , 
IlaBrO, and Ca(BrOJj evolve oxygen and leave the bromides. Co^BrOj), , 
Zn(BrO,)j and other bromates evolve oxygen and bromine, leaving an oxide. 

8. Deteotion. — The bromine is first liberated by some reducing agent 
that docs not carrv the reduction to the formation of HBr. H^CgO, ia a 

-■- ■ Ai^ ■ 
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verj' suitable agent for this purpose, since it does not ebange Br to HBr 
except when hot and concentrated. The Br is detected by OS, (§276, 8), 

Sulphuric and nitric acids liberate bromic acid from metallic bromatee, 
the H£tO, Temaining for some time intact, and the solution culorlcES. The 
gradiial decunipu tuition of the HBrO^ is tiisl a resolution into HBr and 0, 
and as fast as HBr ia formed it acts with HBrOj , so as to liberate the 
bromine of both acids. Kow, if the solution contained bromide as well as 
bromatc, an abundance of free bromine is obtained immediately upon the 
addition of dilute sulphuric acid in the cold. Hence, if dilute sulphuric 
acid in the dilute cold solution does not color the carbon disulphide, and 
if the addition of solution of pure potassium bromide immediately develops 
the yellow color, while it is found that no other oxidizing agent is present, 
we have corroborative evidence of tlie presence of a bromate. And, if we 
treat a solution known to contain bromide with dilute sulphuric acid and 
carbon disul])hide, and obtain no color, we have conclusive etidence of the 
absence of bromates. Hydrochloric acid transposes bromafes and quickly 
decomposes the bromic acid, iilierating both bromine and chlorine, 

A mixture of Jiroma.te and iodate, treated with hydroohlaric acid, fur- 
nishes bromine without iodine, coloring carbon disulphide yellow. 

The ignited residue of bromates, in all cases if the ignition be done with 
eodiu2n carbonate, will give the teste for bromides. 

B redueeiJ to free bromiae or to a bromide and 



§279. Iodine. I = 126,85 . Usual valence one, five and se?en. 

\. "Piovvttit^.— Specific oravity, 4.048 at JT" (Oay-Luisac). Mating paftrt, 
114.2*. BoiUng point, 184.35° at 7fi0 mm. pressure (Ramsay and Younj, J. C. 
1886, 49, 453). At ordinary temperature iodine is a soft in'sy-black crystalllDe 
Bolid with a metallic lustre. The thin crystals have a brownish-red' appear- 
ance. Preoipitatecl Iodine ia a brownish -black powder. It vaporizes very 
appreciably nt ordinary room temperature with a characteristic odor, and Tnay 
be distilled with steam. The molecule of iodine vapor under about 800° ia Z,; 
above that temperature dissociation takes place, xintil at 1700° it is complete 
and the molecule, consists of sinple atoms (Biltz and Meyer. B., 1S89, S3, 7E5), 
The vapor of iodine unmixed with other g-ases ia deep blue, mixed with air 
or other gases it is a beautiful violet. It is sparingly soluble in water to a 
brown or yellowish -brown solution, which slowly b1«achea litiDUs paper. It 
stains the skin yellow-brown. The solution gradually decomposes in the aun- 
ligiht with formation of HI. It reacts similarly to bromine and chlorine, but 
with much less intensity. The free element combines with starch," forming 
a compound of an intense blue color. This colored body is quite stable in the 
cold; decolors upon warminfif, the color returning upon coolinp. The rracrtion 
of iodine with starch constitutes a very delicate reaction for the detection ot 
the presence of iodine, Tt also serves as an indicator in the volumetric estima- 
tion of iodine, as all reducing- apenfa destroy the color by taking the Iodine 
into combination. Combined iodine does not react with starch. 
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Colorless solutioiu are formed by all (he alkali hydroxidea ivith iodine; tha 
fixed alkali hydroxides formiog- iodides and iodates. Witb anuaonla in water 
solution It dissolves more alowly, becoming colorless; the solution containe tbe 
most of the iodine as ammonium iodide, and deposits a dark-brown powder,, 
termed " Iodide af nilrogen," very easily and violently cxp(o«irp when dryJ 
According- to Chattaway {Am., ISOU, 24, 13tl) this compound has the composi/ 
tion N,H,I. . 

The anhydride of iodic acid, 1,0, , is the only stable compound of iodine ana 
oxyg-en. The chief acids of iodine ore: Hydriodic acid, HIT iodic acid, HZQi: 
periodic acid. HIO, . i 

HypoiodouR acid is said to be formed b; the action of alcoholic iodine ujHin 
freshly precipitated mercuric oxide (Lippmann, C. r., I8(ifi, 63, 96K). Lunge and 
Schoche (S., 1BS2, IG. l-jNlt) prepared iodide of lime which seemed to contain 
calcium hypolodite, Ca(IO), , / 

8. Occurrenca. — Found free in some mineral waters (Wanklyii, C. N.. 1886/ S4, 
COO). As iodides and iodntes in sea water (Soustadl, C. S., 1MT2, 25, 19G{ 231 
and 241). In flie ushea of sea plants. In small quantities in several minfrala, 
especially in ( hili saltpeter as sodium lodate. / 

n. Formation.— From iodides by nearlv all oKidic.ing agents: 2KI + Br, = 
2KBr + I.: and from iodntes by nearly all reducing agents: 2HIO, + 5H,C,0. 
= 1; + lOCO, + GH,0. 

4. PreporatAon.— (a) The ashes of the sea plants are digested in hat water 
unil from the ftltrate most of the s.ilts removed by evaporation and crystalliza- 
tion. The iodides remain in the mother liquor and from this the iodine is 
obtained by treatment with HnO, and H,SO, . (b) The sodium iodate In the 
mother liquor of the Chili saltpeter is reduced with. SO, . the iodine precipitated 
as Otil wifh OdBO, . Prom the precipitate the iodine la recovered by distilla- 
tian u-ith IfnO, and H^SO, . By fHi^the greatest portion of the iodine and 
iodides of commerce is obtained from the Chili saltpeter deposits. 

5. Solubilitiea. — It is Eolable iu about oSUU parts water at 10° to 12° 
(Wittstein, J., 185T, 123), differing from CI or Br in that it forms no 
hydrate. It is mut;h more soluble in Va.ter containing hydriodic acid or 
soluble iodideu. From a concentrated solutiou in KI the compound KI, 
ha* been obtained. Iodine dissolves in very many organic soWents as 
alcohol, ether, chloroform, glycerol, benzol, carbon disulphide, etc. Car- 
bon dteulphidt; readily removes the iodine from its solution or suspension 
in water; with small amoiinis of iodine imparting to the carbon disulphide 
a beautiful violot color,- with largo amounts the CSj eoliition is almost 
black. 

6. Reactions.— /I .—With metalt and their componnds. — It unite? slowly 
b^ tbe aid of heat with Pb and Af ; more rapidly with Sgj As, Sb, Sn, 
Bi, Cn, Cd, Al, Cr,Fe, Co, Hi, Mn, Zn, Ba, Sr, Ca, 1^, K and Na. 

In oxidizing metallic compounds the iodino invariably becomes HI or 
an iodide, depending upon whether the mixture be acid or alkaline. It 
may, however, with certain substances act as a reducing agent, becoming 
oxidized to iodate or periodate. 

i. Hg' becomes Hg" in acid and in alkaline mixtore. 

5. As"' becomes As'*' in presence of alkalis only. 
5. Sb'" becomes Sb^ in presence of alkalis only. 

^, Sn" becomes Sn"' in acid or in alkaline mixture. 

e. Cr"' becomes Or" in presence of alkalis only. cgnztj GoOqIc 
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6. Pe" becomes Pe"' in prcBence of alkalis only. 

7. Co" becomes Co'" in presence of alkalis only. 
S. "Si" is not oxidized. 

9. Mfi" bepomos Mn'^ in presence of alkalis only. 

B. — With non-metals and their GomponndB. 

1. E,Pe(CN), is oxidized, forming EaPe(CN)« and KZ, action slov and 
incomplete. 

£. HUOs forms HIO, and HO . Strong HHOi must be used (at leatt 
^p: gr. 1.43). Action is slov. A very good method of making HIO,. 

J. HH1FO3 becomes H^PO^ with acids and with alkalis. 

Jf. H^S becomes S and EI; no action if both substances be perfectly dry 
<Skraup, C. C, 1896, i, 469) (separation of H,S from A»H,). According 
to Saint-Oilles {A. Ch., 1859, (3), 67, 331), in alkaline mixture from six 
to*Beven per cent of the sulphur is oxidized to a sulphate. 

HjSOj becomes H^SO, and HI. With a thiosulphate a tetrathionat« ii 
formed: 2HajS,03 + Ij = Ha,S^O, + 2HaI (Pickering, J. C, 1880, 87, 
128). 

5. CI becomes ICl or ICl, , depending upon the amount of chlorine 
present, water should be absent. In the presence of water HCl and EIO^ 
are formed; in alkaline mixture a chloride and a periodate: I, + 7CL + 
16HaOH = 14HaC! + 2HbI0. + 8H,0 . HCIO, forms HIO, and HCI: 
5HCI0a + 31, + 3H,0 = 6HI0j + 5HC1 . 

6. Br becomes IBr , decomposed by water (Bomemann, A., 1877, 189, 
183). In alkaline mixture with an excess of Br a bromide and an iodate: 
I, -i- SBTj + 13E0H = 2KI0, + lOKBr + CHjO . HBrO, becomes Br 
and HIO,. 

7. Iodine combines with HI in concentrated solution to form KTj(TCPJ . 
7. ^nition.— See I. 

'8. Detection. — Iodine is recognized by the yellow to black color when 
mixed with water; the violet color when dissolved in carbon disulpbtde; 
the reddish color when dissolved in chloroform or ether; the blue color 
when added to a cold solution of starch ; the violet color of the vapors, etc. 
The presence of tannin interferes with the usual tests for iodine unless a 
drop or two of ferric chloride solution be added (Tessier, Z., 1874, 11, 313). 

9. Estimation.— (a) It is reduced to on iodide, precipitated with AgNO, . and 
after drying at ISO", weig-hed as Affl . It is estimated volumetrtcally with & 
standard solution of ira,S,Oi , usinfr starch as an indicator. (6) The iodine 
dissolved in potassium iodide is treated with an alkaline solution of hjdrog«it 
peroxide \a an azotomcter, the oxyg-en liberated being- a measure at the amooiit 
of iodine present (Baumaun, Z. angev)., 1891, 304). 
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§280. Hydriodio acid. HI = 127.858 . 
H'I~',H — I. 

1. FropertiM.— ifoIecHfar meight, 12T.S5S. Tapor density, '63.927. 
incombustible gaa. At atmospheric pressure it salidiiies at — SI 
liquetles under a pressure of 3.9T atmosphereB (Faradaj', A. Ch., lB4!j|f'(:i), IB. 
2GtiJ. Tbe conHtHitt boiling' point of the aqueous solution of the g'as is ]2i°, 
which solution contains 57 per cent of HI and has a specific graiAty of 1,604 
(Roscoe, J. C 1S61, 13, 160), Gaseous HI is dissociated by hent. slowly at aco"; 
rapidly nt 2-10° (Lemoine, A. Ch., 1877, (5), 18, 145). Iodine separates from the 
water solution of the aciii when exposed to tbe air. 

2. OccurreuCfk—Not found free in nature, but in combination as iodide or 

3. Fomatlon.— (o) By direct union of the elements at a full red heat (Merz 
and Uolzmann, B., IVS'J, 22, 869). (b) By direct unioD of the elements in pres- 
ent-c of platinum black at L.Ul)° to 400° iLemoine, V. r., 1»77, 85, 34). (f) from 
Balj hv adding H,SO, in molecular proportifans. (d) By the action of iodine 
upon Ka,SO, or Na,S,0, (il^ne, C. >:. IHhU, 28, 4TB). (c) By the action of iodine 
upO(i moist calcium hypophosphite: Ca(H,FO,), + 41, + 1H,0 = CaH,(PO,), 
+ SHI (MSne. I.e.). 

Iodides are formed by the direct action of iodine upon the metals; or better, 
by'the action of HI upon the oxides, hydroxides or carbonates of those metals 
whose iodides are soluble in water, iodides of lead, silver and mercury are 
formed by precipitation. 

4. Preparation.— (a) liy passing HgS into a mixture of finely divided Iodine 
suspended in water, adding more iodine as fast as the color ditiappears; iil^ + 
aH.S = 4HI + S, (Peilagri, Gaiitlta, 1S75, 6, 423). (ft) By bringing moist red 
phosphorus in contact with iodine: P, + 101, + 1<>H,0 = 4iljK), + 20HI 
(.Meyer,B., inm, SO, 33S1). (c) By passing vapora of iodine into hot liquid 
purutHne (Crismer, B., 1M84, 17, 049). (d) By Heating iodine with copaiba oil 
(Bruytants, B.. 1H7U. 12, 2059). It cannot be prepared by adding B,SO, to an 
iodide and distilling (5). 

5. Solubilities.— Iodides of lead, silver, mercury and cuproeum are in- 
soluble. Iodides of other ordinary * metals are soUible, those of bidmuth, 
tin and antimony requiring a Uttie free add to hold them in solution. 
Lead iodide is sparingly soluble in water (§67, 5e). Mercuric iodide is 
readily soluble in excess of potassium iodide, forming a double iodidt;, 
Kj'Bt;!^; most other iodides are more soluble in a solution of potassjum 
iodide than in pure water. The iodides of the alkalis, Ba, Ca and H^" 
ai% soluble in alcohol; ^I and .^I are insoluble. All iodides in solution 
are transposed by HC! or by dilute H^SO^ . Hot concentrated H,80, 
decomposes all iodides, those of Pb, Ag^ and Hg slowly but completely, 
SOj and I being produced : 2KI + 2HjS0« = KjSO, + I, + SOj + 2HjO . 
ENOa in excess first transposes then decomposes soluble iodides: OKI + 
8HirO, — t]KHOj + 3Ij + 2H0 + 4HjO . If the HHO, be concentrated 
the iodine is further oxidized : 3Ij + lOHHO, = 6HI0, + lOKO + SH,0 . 
Long-continued boiling with UNOj , sp. gr. 1,42, decomposes the insoluble 
iodides. Chlorine in the cold decomposes all soluble iodides, by heating 
with" chlorine the insoluble iodides are also decomposed; 2KI -j- Clj = 
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SKCl -i~ ^- With an gxccsb uf chlorine the iodine is further oxiitized: 
I, + 5C1, + 6H,0 = 2HI0a + IClHCl . SQver iodide is almost insoluble 
ill atiimonium hydroxide or unimunium tarboDale (distinction from silver 
chloride). It is soluble in KCR . ^I and Pbl, are soluble by deeompoei- 
tioii ill solution of alkali tliiosiilphates: Agl + Ka^SgOa — Hal + 
KftAgS^Og. Lead iodide is soluble in a solution of the fixed alkalis. 

ti. BeadiionB. — A. — With metals and their componndt. — Silrer nitrate 
solution in excess precipitates, from solutions of iodides, silver ioiUde.A^, 
yellow-white, blackening in the light without appreciable separation of 
ipdine. For solubilities see paragraph above. 

Solution of mennrio ohloride precipitates the bright, yellowish-red to 
T£d, mercuric iodide, Hgl, . The precipitate redissolves on stiiring, after 
slight additions of the mercuric salt, until equivalent proportions are 
reached, when its color deepens. For the solubilities of the precipitate 
see §68, 6/. Solution of meroarons nitrate precipitates mereurous iodide, 
Hgl , yellow to green (§58, Gf). 

Solution of lead nitrate or acetate precipitates, from solutions of iodidai 
not very dilute, lead iodide, Pblj , bright-yellow — soluble, as stated in full 
in §67, 5c. 

Falladoua chloride, PdClj , precipitates, from solutions of iodides, pal- 
ladous iodide, Pdlj , black, insoluble in water, alcohol or dilute acids, and 
visible in 900,000 parts of solution. The reagent does not pretipilate 
bromine at all in moderately dilute solutions, slightly acidulated with HCI . 
Pallndous iodide is slightly soluble iu excess of the alkali iodides, and is 
soluble in ammonium hydroxide (§106). 

Copper i^alts precipitate from solutions of iodides citpr&us iodide (white) 
mixed with iodine (black): 2CnS0« + 4X1 = SCnl -}- 3E,S0. +1^. If 
Bullicient reducing agents (as sulphurous acid) are present to reduce the 
liberated iodine (o M, only the white cuprous iodide will be precipitated 
(a distinction from bromides and chlorides). 

When metals are attacked by HI an iodide is formed and hydrogen is 
evolved. Hydriodic acid unites with all metallic oxides and hydroxides 
(e*pect ignited Cr.Oj) to form iodides; frequently, however, iodine is 
liberated and an iodide of lower metallic valence is formed: 

1. PV+'' becomes Pb" . 

?, As' becomes As'"; KI has no action upon normal K^O, (Friedheim 
and Meyer, Z. annrg., 1891, 1, 409). 

S. Sb^ becomes Sb'" . 

.'i. Bi^ becomes Bi'" . 

5. Ctt" hocomes Co' . Soluble iodides reduce normal cupric salts, bwt 
have no reducing action in alkaline mixture or upon cupric hydroxide. 
With phenylhydrazino sulphate and cupric sulphate the iodine of iodides is 
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uoiiipletely precipitated (separation from chlorides) (Rflikow, Ch. Z., 1894, 
18, IfJCl). 

6. Fe'" becomea Pe" (§269, 8). 

7. Cr" becomes Cr'" . KjCrO, is not reducedty EI even upon boiling 
the concentrated solutions. KjCtjO, with EI slowly gives I and Cr"* in 
the cold. When KI is boiled with a. concentrated solution of KjCr^O, the 
iodine is completely liberated (separation from bromides and chlorides 
which are unchanged): 6KI + SKjCr,©, — SZ^CrO, + Cr,0, + 3l, 
(Dechan, J. C, 1886, 60, 683; 1887, 51, G90). When Agl is boiled with 
KjCigO, and H^SO^ no iodine is evolved, chromium is reduced and the 
iodide becomes silver iodate: E^Cr^Oi + Ajfl + SHjSO, = SEHSOf + 
Cr»(SO,)j + Agio, + 4HiO (Macnair, J. C, 1893, 83, 1051). 

8. Co"+" becomes Co"; KI has no reducing action upon eobaltie hy- 
droxide. ' 

9. Ni"+' becomes Ni"; EI rednces Ni'" , liberating iodine. 

10. JIa''+' becomes Ma" , When KI is boiled with KMnO. the manga- 
nese becomes KaO^ and the iodide is oxidized to an iodate: 6K|In04 + 
SKI + 3H,0 = 3KI0g + 6MaO, + 6K0H (Groeger, Z. angeiv., 1894, 13 
and 52) (distinction from bromides, which do not decolor permanganatee). 

B. — With non-metals and their oomponndi. 

I. HaFe(CN)e forms H^FetCN), and I; the reaction also takes place in 
neutral mixture. 

^. ENOj forms NO and I (separation of iodide from bromide and 
chloride) (Jannasch and Aschoff, Z. anorg., 1891, 1, 144 and 245). 

SNOj forms NO and I , with further oxidations to HIOj with concen- 
trated HNOj . The HNO, acts much more rapidly than the HNO, . 

3. No reduction with phosphorous compounds, 

4. HjSOf dilute no action; with the concentrated acid in excess, SO, and 
I are formed: 2KI + 3HjS0. = I, + SO, + 2EHS0, + ZH^O ; if EI be 
added in excess to lailin<f H,SO« , H,S and I are formed: 8EI + 9H,S0t = 
41, + H,S + eEHSO« + 4H,0 (Jackson, J. C, 1883, 4S, 339). Ammo- 
nium persulphate liberates iodine from iodides at ordinary temperature 
(Engei, C. r., 1894, 118, 12G3). 

.'>. CI in excess forms HCl and HIO,; with excess of HI , HCl and I are 
formed. In the presence of a fixed alkali a periodate and a chloride are 
formed: EI + 8E0H + 4C1, = 8EC1 + EIO^ -|- 4H,0. . Hypoohlorou 
acid oxidizes to iodine, then to iodic in acid solution; in alkaline solution 
to periodate. 

HCIO, with excess of HI forms HCl and I; with excess of HCIO, HCl 
and HIO, . 

6- Br forms I and HBr or a bromide. _^ 

DwilzcJb/CoOgIC 
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HBrOt Titli excess of HI fonns HBr and I ; with excesB of EBrO( , Br 
and HIO, . 

7- HIO,, iodine is liberated from both acids: BIO, + 5HI = 31, + 
SHgO . HIO. gives iodine. 

8. HjO, becomes H^O , and I (§244, 6B6) (Cook, J. C, 1885, 47, 471). 

9. Ozone promptly liberateB iodine from soluble iodides. Atmospheric 
oxygen decomposes HI and ferrous and calcium iodides slowly, the allcah 
iodides not at all. 

7- Ignitioa. — Aa a general rule iodides strongly Ignited in presence of air 
and moisture evolve iodiue, leaving the oxide of tl)e metal. Ignited in absence 
of air or moiBture the following' iodides are not decomposed: KI , Nal , Bal, , 
Cal, , Sri, , Mnl, , All, , SnI. , Fbl, , Agl and Hgl, . See MitKuherlicb {.fom-, 
1833, 29, 193), Personne (C, r.. 18G2, 64. 21G) and Custavson {A., 1873. 178, 116). 

8. Detection. — The iodide is oxidized to free iodine by one of the re- 
agents mentioned in (6) above. With a dry powder hot concentrated 
HfSO^ is usually employed when the iodine is detected by .the violet fumes 
evolved, condensing in the cooler portion of the test tube. With solu- 
tions the usual reagent is chlorine water. The iodine is recognized by 
the violet color when shaken with CSj , or the bright-red color with CHCl, . 
In case a Inrge amount of iodine be present the CSj solution may be almost 
black. In this case large dilution with CSj is necessary to detect the violet 
color. If but a small amount of iodine be present the chlorine must be 
added very cautiously or the iodide will all be oxidized to the colorless 
iodic acid.* With small amounts of iodide, nitric acid is less liable to 
cause error as relatively much more nitric acid is required to oxidize the 
iodine to iodic acid. For the detection of small amounts of iodide a 
cuprie salt strongly acidulated with HCl is an excellent reagent for the 
oxidation : 2CuCl„ + SKI ^ SCuCl + 2KC1 -f- I„ . 

If insoluble iodides are present they should be transposed by H,S , 
the insoluble sulphide removed by filtration, the excess of H.S removed 
by boiling, and the solution then tested for hydriodic acid. Or the 
insoluble iodide should be reduced by Zn and HjSOj: SJ^I + Zn + H,.SO, 
= 2Ag + ZnSO, + 2HI. The filtrate may then be tested for hydriodic 
acid. The insoluble iodide may also be fused with ITajCO, , and after 
digestion with water the filtrate acidulated and tested for hydriodic arid. 
That is, the solution must be acidulated before chlorine water is added. 
else the iodine will be oxidized to an iodate or periodate. 

9. Estimation.— <:rari me trirnlly by precipitation as Agl and weighing as 
Eiich after ijentlt! itrnition. Vol iimetri call v by oxidation to iodine and titration 
with standard Na,S,0, (Groger, Z. angmr.'. 1R94, 52). 

■To tOBt polassiuiD bromide for tracoBof aa lidlcle Itla reoommended toBddC8,uidcnpile 

ir H&d tben k foir oitMhI* -■r 

- - ,;lc 
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§281. Iodic acid. HIO, = 176.868. 

H'FO--,, H — — I ^J 

1. PropwtlM.— Iodic acid is a white crystalline aolid; its solution saturated 
at 14° contains S8.5 per cent HIO, , and has a tpecifte gravity of Z.162S (Kaem- 
merer, Fogg., 1HS9, 138. 390). At 170° it loses water, forming iodic aDhydride, 
1,0, , a white crystalline solid, which, at 300°, dissociates into iodine and 
oxygen. See Ditte, A. Ch., IHTO, (4), 21, A. It is readily soluble in water and 
in ^cohol; the solutions redden litmus and afterwards bleach it. 

2. Occurreac*. — The free acid is not found in nature. It is found as Ca(IO,), 
in sea water, and us KOilium ioilate in Chili saltpeter (Sonstadt, r. itf,, 1873, 25. 
196, 231 and 3^1; Guyard, Bl., 1874, (2). 22, 60). 

3. Formation.— (<i) Uy elect roljuiiij,' a aolulion of I or HI (Riche, C r., 18>8, 
46, 34H). (A) By the action of clitorine on iodine in the presence of much 
water. The HCl formed cannot be expelled Uy boiling' without decomposing' 
the HJO, . It miLst be removed by the careful addition of Ag.O , (c) By 
adding water to ICi, and wushing with alcohol: 3IC1. + :tH,0 = HIO, + 
nHCl + ICI. (./) KIO, is made by treating iodine with KOH: ;(I, + 6K0H = 
KIO, + 5KI + ;iHjO , And then washing with alcohol to remove the KI . (e) 
By heating potassium chlorate and iodine: lOKCIO, + 6l, + 6H,0 = 6KHT,0. 
+ 4KC1 + 6HC1 (itassett, J. C, IH'M, 57, TOO), (f) Uy boiling iodine with barium 
hydroxide until neutral, filtering and decomposing with sulphuric acid (Steven- 
son. C, N., 1877, 36, 201). (j) By the action of I upon AgNO,: SAgKO, + 3l, + 
3H,0 = 5Ag'I + 5HNO, + HIO^ . 

lodates of the alkalis and alkaline earths are easily made by the action of 
iodine on the hydroxides, and separation by alcohol or by cryHtallization from 
the iodides which are formed in the reaction. All iodates may be made by 
action of the acid on the hydro.iides or carbonates. 

4. Frepanttion. — (u) Iodine is oxidized by boiling with nitric acid »p. gr. 
1.52, and removing the excess of 'the nitric oeid by evaporation, (b) By adding 
a slight excess of H,80, to Ba(IO.), and removal of the excess of H,SO, by 
the careful addition of Ba(IOs), . (c) By boiling a solution of potassium 
iodide ivith an excess of pota(»iium permanfrnnate in neutral or alkaline solu- 
tion: KI + SKMnO. + H,0 = KIO, + 2K0H + SMnO, (Groger, Z. amfw., 
1^94. U and 52). (rf) The very stable piitns.'iium biiodote. KHIjO, , is formed by 
recrystalliiing a water solution of equal portions of KIO. and BQO, . It is 
Boluble in 18.86 parts water at 17° (Meineke, A., ISill, 261, 359), 

5. Solabilities. — Ba(IOa)a is soluble in about 3000 parts water at ordi- 
nary temperattye; and in about tiOO parts at 100° (Kreraers, Pofig., 1851, 
84, 27; Spica, Gazzella, 1894, 24, i, 91). AglOj is soluble in 27,700 parts 
of water at 25° ; in 2.1 parts NH^OH (10 per cent) at 25° (separation from 
silver iodide); in 1044.3 parts HSO,, sp. gr. 1.21 at 25° (Longi, Gazzetia, 
I8S3, 13, 87). The iodates of Ag, Ba, Pb, Hg, Sn, Bi, Cd, Fe and Cr 
reqtiire at 15° more than .500 parts of water for their solution and the 
following require let^s: Co, Al, Co, Ni, Un, Zn, Sr, Ca, 1^, E and Na. 
They are all transposed by concentrated HNO, or HjSOi; and are decom- 
posed by concentrated HCl . They are soluble in the alkalis in ao far as 
the corresponding metallic oxides arc soluble in those reagents. Most 
of the iodates are insoluble in alcohol (with E , Na , Ba and Ca iodates a 
separation from iodides). 

6. Bcactions. — A. — With the metali and their oompoiuids. — A few metalsi 



S5& IODIC ACID. §281,6i,il. 

are attacked evolviDg hydrogen, forming iodatee, eometimes traces of 
iodides. With the following metallic compounds the valence of the metal 
JB changed: 

J. ha!" becomes Ab^ with liberation of iodine. AsH, in excess forms 
is° , with the HIO, in excess As^ (Ditte, A., 1870, 156, 336). 

.■^. Sb'" becomes Sb^ with liberation of iodine, SbH, forms Sb" . 

■S. Sn" becomes Sn'" and HI . 

Jt. Cu' becomes Cn" with liberation of iodine. 

5. Fe" becomes Fe'" with liberation of iodine. 

Solution of silver nitrate precipitates, from even very dilute solutions of 
iodates and from solutions of iodic acid if not very dilute, silver vdok, 
^lOj , white, crystalline, soluble in ammonimn hydroxide, Boluble in an 
excess of hot HNO^ . In the ammoniacal solution, bydronlpburio acid 
forma silver sulphide, sulphur and ammonium iodide. 

Barium obloride precipitates barium iodate, Ba(I03)j, slightly soluble 
in cold, more soluble in hot water, insoluble in alcohol, soluble io 
hot dilute nitric acid, readily soluble in cold dilute hydrochloric acid. 
. Hence, dilute solutions of free iodic acid should either be neutralized or 
tested with barium nitrate. This precipitate, by addition of alcohol, is a 
complete separation from iodides, and, when well washed, decomposed with 
a very little sulphurous acid (8), and found to color carbon disnlphide 
violet, its eviilenre for iodic acid is conclusive. Barium iodate is trans- 
posed by ammonium carbonate. 

Salts of lead give a white precipitate of Uad iodate, Fb(IOa), . Ferric 
chloride givoa, in solutions not dilute, a yellowish-white precipitate of 
ferric iodate, Fe{10,)3 , sparingly soluble in water, and freely solvble in 
excess of the reagent. Boiling decomposes it. 

Alcohol precipitates potassium iodate from water solution, an approxi- 
mate separation from iodide. 

B. — With non-metaU and their compounds. 

1. HjCjOi becomes 00^ and I . Action is slow unless solutions are hot. 

Carbon (except diamond) heated in sealed tubes becomes CO, with b^»- 
ration of I (Ditte, I c). 

H^Fe(CN), becomes HaFe(CH), and I . 
. HCNS forms H^SO^ , I and some other products. 

3. HBOj becomes HMO, and I . 

3. PH, becomes H^PO^ and I . With an excess of PH, , HI is fonned. 
Water in which phosphorus has stood reduces iodic acid to iodine (Come, 
J. Pharm., 1878, (4), 28, 386). 

HH^FO^ becomes HjPO^ and I . 
• i. HjS becomes S and I , Thiosulpbates form first iodine.tIien an iodide. 
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HjSO, , with excess of BIQ,, becomes H|SO. and I;.vith excess of HjSO,, 
H,80« and HI . 

5. HCl, if concentrated, forms ICl, and CI, iodine not being liberated, 
li. "SBx forms Br and I . 

7. HI forms I from both acids. The addition of tartaric acid to a mix- 
ture of KI and KIO, is sufficient to give an immediaU test for free iodine 
with CSj . It must be remembered that an iodide alone rendered acid will 
give a test for free iodine after a short time. 

8. Morphine reduces iodic acid with separation of iodine. 

7. Ii^nition. — Potassium and sodium iodates on ignition form iodidea 
and evolve oxygen (Cook, J. C, 1894, 65, 802). Many other iodatee evolve 
oxygen but the iodide formed is further decomposed as stated in §275, 7, 

Iodates in dry mixture with combustible bodies are reduced, on heating 
or concussion, with detonation, but much less violently than chlorates or 
nitrates. 

8. Detection. — It is usually detected, after acidulation, by treatment 
with some reducing agent for the formation of free iodine. HjSOj ia 
often employed because it acts rapidly and in the cold; but traces of HIO, 
frequently escape detection for The least excess of H^SO, at once reduces 
the iodine to colorless hydriodic acid. A desirable reagent for this reduc- 
tion is one that will act rapidly in the cold, and in no case cause the 
further reduction fo hydriodic acid. The following reducing agents have . 
been used : K,Fe(CH)„ acidulated with dilute H^SO, , HjAsO^ , CuCl , FeSO, , 
morphine sulphate and uric acid. To' detect KIO, in EC it is recom- 
mended by Schering (J. 0., 1873, 26, 191) to add a crystal of tartaric 
acid to the solution. The formation of a yellow zone is indicative of an 
iodate. Hydrochloric acid may be used, but if it contains a trace of 
chlorine it will give the test for an iodate. Iodine frequently occurs in 
nitric acid as iodic acid. Hilzer (/. G., 1876, 29, 442) directs to add equal 
volumes of water, carbon diaulphide, and then coarse zinc filings. It may 
he necessary fo warm the solution slightly. Biltz (C. C, IS??, 8G) dilutee 
the HHO, with water, adds starch solution and then H,8 solution drop 
by drop. A blue zone is formed if HIO, be present. 

0. Ertimfttlon.— fo) Bv precipitation with AgHO, , and after drying at 100* 
■welfrhiiiB' nw AglO,. <K) Bv redncin(r to an iodide and eetimatinfr ae sucb. 
(c) By treatins* wHh HI nHdulated wltb H,SO. . and titrating the Iodine Wb- 
emted with standard Na,8,0, . 
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§882. Feiiodio uid. EIO. = 191.868 ; 
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The anhydride, I|0, , has not been isolated, and but one acid Is known in the 
free condition, HI0„3H,0 or H,IO, . This acid exists In colorleea monoclinic 
crystals, ivhich do not lo.se water at 100°. It melts at 133°, and at a 
higber temperature it decomposes into iodic anhydride, water and oxygen 
(Kimmins, J. C. IRHT, Dl, ^56; and 1889, 5S, 148). Numerous periodates hare 
been prepared as if derived from one or the other following named acids: 
HZO, , H,IO. , S,IC. . B.I,0.', H.I,0„, H„I,0„ , H„I,0,. , H„I,0„ 
(Sammelsber^, Pogg.. 1865, 134, 368, 49'J). 

The free periodic acid, H,IO, , is prepared: (o) By oxidizing iodine with per- 
chloric acid: 2HC10. + 1, + ■SH.O = 2B,I0. + CI, (Kaemmerer, Pogg., 1869, 
138. ■SOfi). (h) liy heotine' iodine or barium iodide with e. mixture of bariiim 
oxide and barium peroxide, digesting' with water, and transposing the 
Ba,(IO,), thus obtained with the calculated amount of sulphuric acid (Eam- 
melsberp, Pogg., 18(i9. 137, 303). (r) By conducting chlorine into sodium iodale 
in presence of sodium hydro.tidp: NalO, + 3NaOH + CI, ^ NbiH.IO, + 
alTaCl. This acid periodnte dissolved in water with a little nitric acid and 
then precipitated with silver nitrate, forms the silver salt, Ag^HiIO, . This 
precipitate is dissolved in nitric acid and evaporated on the water-bath, when 
orange-colored crystals ol silver meta jieriodate are formed according to the 
following: SAb-H.IO. + 2HN0, = 2AgI0, + 2AgNO, + 4H,0 . Water decom- 
poses this precipitate: SAglO, + 4H:0 = H,IO, + A^.H.IO, . Or the silver 
periodate. A^IO, , is deeoniposed by 01 or Br (Kaemmerer. I. c, p. 390). 

Tlie silver Palts vary in color: AglO, is orange: Ae,HIO, , dark brown: 
As,I-0, , chocolate colored; while silver lodate is white (a distinction). In the 
general reaetions periodic acid and periodates resemble iodic acid and iodates. 

H,C..0. becomes CO, and I. 

H.PO; becomes H,FO, and HI . 

Hj8 becomes S and HI . 

H,SO, becomes H^SO, and HIO, without Beparatlon of todine when the two 
acids are present in molecular proportions. The presence of a greater pro- 
portion of H.SO, causes, first, separation of iodine with final complete reduc- 
tion to HI (Selmous. C, IRRS, 21. 2:!0): 

HIO. + H,SO, = HIO. + H,80. 
3HI0. + »H,SO, = HIO. + I, -f 8H,S0, + H.O 
2HI0. + 7H,S0. = I, + TH,SO. + H,0 
HIO. + 'iHiSO. = HI + 4H,B0, 

HCl becomes CI and ICl, 

HI forms I from both ectda. 

According to Lautsch (J. pr., 1867, 100, 86), its bebsTlor with mercurous 
nitrate Is characteristic. The pentasodic periodate, ira,IO, , gives a light- 
yellow precipitate, E^.IO, . 
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PART IV.-SYSTEMATIC EXAMINATIONS. 



bemovAl op organic substances. 

f284i. The methods of inorganic analyeie do not provide againBt interference 
by organic compounds; and, in general, it Is impossible to conduct inorganic 
analysis In material containing organic bodieii. The removal of tbe latter can 
be effected, Ist, by combustion at a red or white heat, with or without oxidis- 
ing' reagents; 3d (in part), by oxidation with potassium chlorate and hydro- 
chloric acid on the water-hath (569, 6'el); 3d, by oxidation with nitric acid in 
presence of sulphuric acid, at a final temperature of the bailing point of the 
latter (S79> 6'e^): 4th, by solvents of certain classes of organic subataiices; 
6th, by dialysis. These operations are conducted as follows: 

{S8S. Combustion at a red or uiMte heat, of course, excludes analysis for mer- 
cury, arsenouB and antimonous bodies (except as provided in j70, 7), and 
ammonium. The last-named constituent can be identified from a portion of the 
material in presence of the organic matter (S207, 3). If chlorides are present 
aome iron will be lost at temperatures above 100°, and potassium and sodium 
waste notably at a white heat, and Glightly at a full Ted heat. Certain adds 
will be expelled, and oxidizing agents reduced. 

The material is thoroughly dried and then heated in a porcelain or platinnm 
crucible, at first gently. It will blacken, by separation of the carbon of the 
organic compounds. The Ignition is continued until the black color of (he 
carbon has disappeared. In special cases of analysis, it is only nercssary to 
char the material; then pulverize it, digest with the suitable solvents, and 
filter; but this method does not give asHurance of full separation of nil sub- 
staocea. Complete combustion, without use of oxidizing agents, is the way 
most secure against loss, and entailing least change of the material: it is. how- 
ever, sometimes very slow. The operation may be hastened, with oxidation of 
all materials, by addUion of nitric ndrJ, or of ammnnlum nitrate. The material is 
first fully charred: then allowed to cool till the finger can be held on the 
crucible; enough nitric acid tn moisten the mans ia dropped from a glass rod 
upon it, and the heat of the water-bath continued until the mass is dry, when 
It may be very gradually raised to full heat. This addition may fae repeated 
as necessary. The ammonium nitrate mav be added, as a solid, in the same 
way. 

§280. Oxidation irith potanninm chlorate and hiidrocklorie acid on the trater-bath 
does not wholly remove organic matter, but ao far disintegratea and chan^eB 
it that the filtrate will give the group precipitates, pure enough tor most tests. 
It does not vaporize any bases but ammonium, but of course oxidizes or 
chlorinates all constituenls. It Is especially applicable to viscid liquids: it may 
be followed by evaporation to dryness and Ignition, oceording to the paragrapb 

The material with about an equal portion of hydrochloric acid is warmed on 
the water-bath, and a minute portion of potassium chlorate is added at short 
Intervals, stirring with a glass rod. This is continued until the mixture is 
wholly decolored and disisolved. It is then evaporated to' remove chlorine, 
diluted and filtered. If potassium and chlorine are to be tested for. another 
portion may he treated with nitric acid, on the water-bath. The organic 
matter left from the action of the chlorine or the nitric acid may be s»ifBcient 
to prevent the precipitation of aluminum and chromium in the third group of 
bases: so that a portion must be ignited. Ab to araentc and antimony, see 
170, 7. 
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9287. The action of fulpkwrie tdth nitric add at a graduallv increasing heat 
leaves behind all the metala (not amiDonium). with some loss of mercury and 
arsenic (and iron?) if chlorides are present in considerable quantity. In thU, 
as in the operationa before mentioned, volatile acids are 1 oat— sulphides partly 
oxidized to sulphates, etc. 

The substance la placed in a tubulated retort, with about four parts of con- 
centrated sulphuric acid, and gently heated until dissolved or mixed. A funnel 
ia now placed in the tubulure. and nitric acid added in small portions, gradu- 
ally raising the heat, for about half an hour — so as to expel the chlorine, and 
not vaporize chlorides. The material is now transferred to a platinum dish 
and heated until the iulpkuric acid beyins to vaporise. Then add email portions 
of nitric acid, at intervals, until the liquid ceases to darken by digestion, after 
a portion of nitric acid is expelled. Finally, evaporate oO the sulphuric acid, 
using the lowest possible heat at the close. 

J288. The aolvetitg used are chiefly ether for fatty matter, and alcohol or ether, 
or both successively, for resins. Instead of either of these, benzol may be 
used; and many fats end some resins may be dissolved in petroleum ether. 
It will be observed that ether dissolves some metallic chlorides, and, that 
alcohol dissolves various metallic salts. Before the use of either of these sol- 
vents upon solid material. It should be thoroughly dried and pulverized. Fatty 
matter suspended in water solutions may be approximately removed by filter- 
ing through wet, close filters: also by shaking with ether or benzol, and decant- 
ing the solvent after its separation. 

S289. By Dialysis, the larger part of any ordinary inorganic substance can 
be extracted in approximate purity from the greater !;umber of organic sul>- 
Btances in water solution. The degree of purity of the separated substance 
depends upon the Itind of organic materia!. Thus albuminoid compounds are 
almost fully rejected; but saccharine compounds pass through the m em brane 
quite aa freely as some metallic salts. (Consult Watts' Dictionary, 1894, XT, 1?S>. 

PHELIMINARY EXAMINATION OF SOLIDS. 

(290. Before proceeding to the analysis of a substance in the wet way, a 
careful study should usually be made of the reactions which the substance 
andergoes in the solid state, when subjected to a high heat, either alone or in 
the presence of certain reagents, before the blow-pipe, or in the flame of the 
Bunsen burner. This examination in the dry way precedes that in the wet, 
and should be carried on systematically, following the plan laid down in the 
tables, and noting carefully every change which the substance under investiga- 
tion undergoes, and if necessary making reference to some of the standard 
works on blow-pipe analysis. In orcJer to understand fully the nature of these 
reactions, the student should first acquaint himself with the character of the 
different parts of the flame, and the use of the blow-pipe in producing th« 
reducing and oxidizing flames. 

iS91. The flame of the candle, or of the gaa-jel, burning under ordinary circum- 
stances, consists of three distinct parts; a dark nucleus or zone in the centre, 
Hiirronnding the wick, conHisting of unburnt gas — a luminous cone surrounding 
this nucleus, consisting of the gases in a state of incomplete combustion. Ex- 
terior to this is a thin, non-luniin<ius envelope, where, with a full supply of 
oxj-gen, complete combustion is taking place: here we find the hottest part of 
the flame. The non-luminous or outer jinrt is cnllcil the oxidlring flame; the 
luminous part, consisting of carbon and unconsumed hydrocarbons, is called 
the reducing flame. 

$292. The flume produced by the lloir-pipe (or Bunsen burner) is divided into 
two parts: the oxidizing flsnie, where there is an excess of oxygen, correspond- 
ing to the outer zone of the cnndle-flame: and the reducing flame, where there 
ie an excess of carbon, corresponding to the inner zone of the candle-flome. 
Upon the student's skill in producing these flames depend very largely the 
results in the use of the blow-pipe. 

In order to produce a good oxidizing flame, the jet of the blow-pipe Is placed 
just within the flame, and a moderate blast applied — the air being thoroughly 
mixed with the gas, the inner blue flame, corresponding to the esterlor P<irt 
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of the candle-flame, is produced: the hottest and most elective part is just 
before the apex of the blue cone, where combuation is moat complete. 

The reducing flame is produced by placing the blow-pipe just at the edge of 
the finme. a little above the alit, and directing the blast of air a little higher 
than for the oxidizing flame. The flume itssumen the shape of a luminous cone, 
surrounded by a pale-blue mantle; the most active part of the flame is some- 
■whnt beyond the apes of the luminous cone. 

9293. The blast with the blow-pipe is not produced by the lungs, hut by the 
action of the musclea of the cheek alone. In order 1o obtain a better knowledge 
of the mnnngement of the flume,' and to practiBe in producing a pood reducing 
flame, it is well to fu^-e a smal] grain of metallic tin upon charcoal, and raising 
to a high heat endeavor to prevent its oxidation, and keep its surface bright; 
or better, perhaps, to dipi'olve a speck of manganese dioxide in the borax bead 
on plntiuum wire — the betid becoming jimethysl-red in the outer flame and 
colorli-ss in the reducing flame. The beginner Bhould work only with sub- 
stanei's of a known enmpoBition, and not attempt the analysis of unknown 
eomilfs substar.eeH, vnlil he has made himself perfectly familiar with the 
reactions of at least the more frequently occurring elements. 

The nmount of substance taken for analysis should not be too large; a 
quantity of about the bulk of a mustard-seed being, in most cases, quite 
Bufficient, 

The physical properties of the substance under examination are to be first 
noted; such as color, structure, odor, lustre, density, etc. 

Heat in Olasa Tube Closed at One End. 

(294. The substance, in fragments or in the form of a powder. Is introduced 
into a small glass tube, sealed at one end. or into s small tnatrasa, and heat 
applied gently, gradually raising it to redness, if necessary with the aid of the 
blow-pipe. When the substance is in the form of a powder it is more easily 
introduced into the tube b.v placing the powder in a narrow strip of paper, 
folded lengthwise in the phape of a trough; the paper ia now inserted into the 
tube held horizontally, the whole brought to a vertical position, and the paper 
v.*"thdrawn; in this way the powder is all deposited at the bottom of the tube. 
By this treatment Jn the glass tube we are first to notice whether the Bub- 
stance undergoes a change, and whether this change oecurs with or without 
decomposition. The Ruhlimates, which may be formed in the upper part of the 
tube, are especially to be noted. Escaping gases or vapors should be tested as 
to their alkalinity or acidity, by small strips of moist red and blue litmus 
paper inserted in the neck of the tube. 

Heat in Qlast Tube Open at Both Enda. 

5295. The substance is inserted into a glass tube from two to ttree inches 
long, about one inch from the end. at which point a bend ia Bometimes made; 
heat is applied gently at first, the force of the air-current passing through the 
tube being regulated by inclining the tube at different angles. Many sub- 
Btancea undergoing no change in the closed tube absorb oxygen and yield 
volatile aeids or metallic oxides. As in the previous case, the nature of the 
sublimate and the odor of the escaping gaa are particularly to be noted. The 
reactions of sulphur, araenic, antimony and selenium are very characteristic; 
ttiese metals, if present, are generally easily detected in this way ((69, 7). 

Heat in Blow-pipe Flame on Cliarcoal. 

(296. For this test, a well-burned piece of charcoal is selected, and a small 
cavity made in that side of the coal showing the annular rings; a small frag- 
ment of the substance is placed in the cavity, and. if the substance be a 
powd' r. it may be moistened with a drop of water. The coal is held horiwmt- 
ally, and the flame made to play upon the assay at an angle of about twenty- 
flve degrees. The substance is brought to a moderate heat, and finally to 
Intense ignition. Any escaping gases are to be tested for their odor; the 



§300. PRELIMINARY BZAMINATI0N8 OF SOLIDS. 365 

cbangs of color which the Bubetance undergoes, and the nature and color of 
the coating' which may form near the aseay, are also to be carefully noted, 
some subBtaneea, ae lead, may be detected at once by the nature of the coating. 

^nition of the Substance preTionsly Moistened with a Drop of Cobalt 
Nitrate. 

S297. This test may be effected eitht-r by heating on charcoal, in the loop of 
platinum wire, or in the platinum-pointed forceps. A portion of the substance 
is moistened with a drop of the reagent, and exposed to the action of the outer 
flann". When the Biibstancc in In fnifnnents, nnd porous enough to absorb the 
oobalt solution, it may be held in the platinuni-pointeil forceps and ignited. 
The color is to be noted aftiT fnKion. This test is rather limited; aluminum, 
zinc and magnesium giving tlie nio.st characteristic reactions. 

Fnsion with Sodium Carbonate on Charcoal. 

{29S. The powdered substance to be tested is mixed with sodium carbonate, 
moistened and placed in the cavity of the coal. Some substances form, with 
sodium carbonate at a hiuh heat, fusible compounds; others infusible. Many 
bodies. IIS silicates, require fusion with alkali carbonate before they can be 
tested in the wet way. Many metallic oxides are reduced to metal, forming 
globules, which may be easily detected. 

When this test Is applied for llie detection of sulphates and sulphides, the 
flame of the alcohol lamp is to be substituted for that of the gas-flame, as 
the latter generally contains sulphur compounds. 

Hxamination of the Color which may be imparted to the Outer Flame. 
G299. In this way many eubstances may he definitely detected. The test may 
be applied either on charcoal or on the loop of platinum wire, preferably in the 
latter way. When the substance will admit a small fragment is placed in the 
loop of the platinum wire, or held in the platinum-pointed forceps, and the 
point of the blue flame directed upon it. If the substance is in a powder it may 
be made into a paste with a drop of water, and placed in the cavity of the 
charcoal, the flame being directed horizontally across the coal. The color 
which the substance imparts to the outer flame in either case is noted. In 
most cases the flume of the Bunsen burner alone will suillce; the substance 
being heated in the loop of platinum wire, which, in all cases, should be first 
dipped in hydrochloric acid and ignited, in order to secure against the presence 
of foreign substances. Those salts which are more volatile at the temperature 
of the flame, as a rule give the most intense coloration. When two or more 
substances are found together it Is sometimes the case that one of them masks 
the color of all the others; the bright yellow flame of sodium, when present in 
excess, generally veiling the flame of the other elements. In order to obviate 
this, colored mt-dia, as cobalt-blue glass, indigo solution, etc., are interposed 
between the flame and the eye of the observer. The appearance of the flama 
of various bodies, when viewed through these media, enables ns often to detect 
very small quantities of them in the presence of large quantities of other 
Bubstances. 

Treatment of the Substance with Borax and Hiorocosmio Salt. 

{300. This ia best effected in the loop of platinum wire. This is heated and 
dipped into the borax or microcosmic salt and heated to a colorless bend; a 
small quantity of the substance under examination ia now brought in contact 
with the hot bead, and heated, in both the oxidizing and reducing flamea. Any 
reaction which takes plaoe during the heating must be noticed; most of the 
metallic oxides are dissolved in liie bead, and form a colored glass, the color 
of which is to be observed, both while hot and cold. The color of the bead 
Tarjes in intensity, according to the amount of the substance used; a '6fE> 
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Btnall quaotlty will, in inoEt cases, aufflc«. Certain bodiea, as the alkaline 
eartha, dissolve In borax, forming beads which, up to a certain degree of aatura- 
tlon, are clear. When these beads are brought into the reducing flame, and bd 
intemiittent blast used, they become opaque. This operation is called flMmfag 
An reducing agents, certain metals are employed in the head of borax of 
microcosmic salt. For fhia purpose tin is generally chosi'n, leai and lUwr 
being taken in some cases. These metals cannot be used in the loop of plai- 
innm wire, as they will alloy the platinum. The beads are first formed in tbe 
loop of vrire; then, while hot, shaken ofF Into a porcelain dish, several being ao 
obtained. A number of these are now taken on charcoal and fused into a large 
bead, which is charged with the sfibstance to be tested, and then with the tin 
or other metal. For this purpose tin foil (or lead foil) is previously cut in 
strips half an inch wide, and the strips rolled Into rods. The end of the rod 
is touched to the hot bead to obtain as much of the metal as required. Lead 
may be added as precipitated lead ("proof-lead"), and silver as precipitated 
silver. By aid of tin in the bead, cuprous oxide, ferrous oxide and metallic 
antimony are obtained and other reductions effected, as directed In ST7, 1, 
and elsewhere. 

CONVERSION OF SOLIDS INTO LIQUIDS. 

S301. Before the fluid reagents can be applied, solids must be reduced to 
liquids. To obtain a complete solution, the following steps must be observed: 

FiTSt. The solid, reduced to a fine powder, is boiled in ten times Its quantity 
of water. Should a residue remain, it is allowed to subside, and the clear 
liquid poured off or separated by filtration. A drop or two evaporated on glass, 
or clean and bright platinum foil, will give a residue, if any portion baa dia- 
solved. If a solution is obtained, the residue, if any. Is exhausted, and well 
washed with hot water. 

fFTond. The residae. insoluble In water, is digested some time with hot 
hydrochloric acid. (Observe S30&.) The solid, if any remain, is separated bj 
flitrntion and washed, flrst with a little of this acid, then with water. The 
solution, with the washings, is reserved. 

ThU-d. The well-washed residue is next digested with hot nitric vM. 
Observe if there are vapors of nitrogen oxides, indicating that a metal or other 
body is bein^ osidized. Observe if sulphur separates. If any residue remsini 
It is separated by flltration and washing, first with a little acid, then with 
water, atid the solution reserved. 

Sometimes it does not matter which acid is u.sed first. But If a first-group 
base be prpHent, HNO, should be added first, for HCl would form an insoluble 
chloride. If the substance contain tin (especially an alloy of tin) HSO, 
would form insoluble metaatannio acid, H,,an,0,, , in which case HCl should 
he used first. 

Fourth. Should a reaidue remain it is to be digeated with nitrahydrochlorle 
add, as directed for the other solvents. 

The acid solutions are to be evaporated nearly to dryness, and then redls- 
Bolved in water, acidulating, if necessary, to keep the substance in solution. 

Fifth. Should the substance under examination prove insoluble in acids, it 
la likely to be either a sulphate (of hnriura, strontium or lead): a chloride, or 
bromide, of silver or lead: a silicate or fluoride — perhaps decomposed by sul- 
phuric ncid— and it musil he fimed with a fixed alkali carbonate, when the con- 
stituents are transposed in such manner as to render them soluble. The 
water solution of the fused mass will be found to contain the acid; the rcKidiie. 
insoluble in water, the metal, now soluble in hydrochloric or nitric acids 
(compare ^266, 7). 

If more than one solution is obtained, hy the several trials with solvents, 
the material contains, more than one compound, and the solutions, as sepa- 
rated by filtration, should be preserved separately, as above directed, and 
analysed separntely. The geparate reaultt. in many cows, indlrate the oHginat 
eomiijiation of each metal. 

" ■■ ----- - o" 
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CONVERSION OF SOLUTIONS INTO SOLIDS. 

fSOS. Before BolIdB In eolution can be subjected to preliminary examination, 
either for metals or for acids, they most be obtained in the solid state. TUs 
is done b; eTaporation. 

TBEATMENT OF A METAL OR AN ALLOY.^ 

B30S. On account of tfae different effect tbat nltlic acid baa upon the nn- 
combined metals, it is used as a solvent in their detection. Thus: 
Oold and platinum are not attacked by nitric acid. 

Tin and ajttimaag are oxidized and converted Into compounds tbat arc insolu- 
ble both in water and an excesH of the acid. 

GSb + lOHNO, = :Sb,0, + lONO + 5H,0 
ISSn + 20HNO, + SH,0 = 3H,,8ii,0„ + 20KO 
AU tite other ntetalt are oxidized and converted into compounds tbat dlssolTe 
eitber in water or an excesB of the acid; e.g.: 

3Pb + 8EN0, = 3Pb(lT0.)i + SNO + 4^0 
Si + iSXtO, =B1(N0,). + NO + 2H,0 

Method of Procedure.^ 

Place a small quantity of the metnl or alloy, about equal in bulk to a pea, 
havingf previously obtained it in as finely divided a state as possible, in an 
evaporating^ish, or any suitable vessel, cover well with nitric acdd, sp. gr. 1.20, 
and apply heat. Continue tlie application of heat, replacing from time to time 
the acid lost by evaporation, until tlie metal or alloy is dissolved or wholly 
disintegrated. 

If complete solution takes place immediately, paaa on to J. 

If a residue remnina, decant the liquid portion upon a filter; again add nitric 
acid to the residue, heat, and again decant upon the same flller. Then tbor- 
oujrbly waph with hot water, either by boiling with water and decanting, or 
by transferring the whole to and pouring hot water through the filter. Add 
the first portions of the hot-water filtrate to the nitric acid filtrate already 
obtained, and treat the mixture as directed in A, after having first evaporated 
a drop or two on platinum foil, to ascertain whether anything baa really 
been dissolved. 

Treat the reaidne as directed in B. 

A. — The Niiric Add Solution. 
Tlila solution may contain any of the metals, except those mentioned under B, 
It the nitric acid has effected a whole or partial solution of the original 

metal or alloy, evaporate almost to dryness to remove exceee of acid, add about 

ten times its bulk of water, and proceed with the separation and detection of 

the metals in the regular way. 
'Should the concentrated liquid become turbid when diluted with water, the 

presence of bismuth is indicated. In this case enough acid must be added to 

clear np the solution.! 

■Thla seotlOD l« rumlshed by Dr. 3. W. Balrd, Dean of the Maasachiuetts Collesn of 
Pbarmacy. 

t When cold or plat iDum constitutes more than one-qusrter of ths alloy, altrlo aald fail* la 
Mtraot the whole of the base metsU that otherwise are readily soluble, in saoh a case the 
amoant of gold or platinum must be r«daced to at least J& per ceM. by trMag the alloy with 
ttae rcQulslte amount of that base metal whose absence la surely known. 

tArseiila,[f pment In the original alloy, now aitatt In the form of anpiilD acid, tbe preclpl- 
tatJonof wUobraqnlieslieatandloDS-ooQtlnued panasei^H^ I|a9, 8' c7). j .^ 
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B. — Tke Residue Insolvhh in Nitric Acid. 

1 their metallic forms, and tin * end 
3 and antimonic acids. The separation 
of the two former from the two tatter depends upon the fact that the meia- 
Btannic and antimonic acids are soluble in hydrochloric acid, forming BnCl, 
and SbCl, . 

Digest, therefore, the well-washed residue in concentrated hydrochloric acid 
at a boiline- tcmiierntnre for from 5 to 10 minutes; then add at once an equal 
volume of water (to dissolve the stannic chloride), and bring to the boiling 

If gold or platinum existed in the original metal or alloy it will now b* 
found in the form of a dark-brown or black powder or mapa, insoluble in the 
hydrochloric acid. If sneh a residue exists, decant trhile hot, again add hydro- 
chloric acid, heat, and again dccuiil. ' 

The ITydrochlorir Acid Solvtion. 

This solution may have a turbid nppearnnce. especially when cold, due to the 
action of the water upon the SbCl,: but without filtering proceed with the 
separation and detection of the tin and antimony by the usual process.f 

The Dark-colored Residue. 

Add, after washing, two volumes of hydrochloric and one of nitric add; 
«vaporate almost or quite to dryness, dissolve in a small quantity of water 
(to obtain a concentrated aolutioti), and divide into two portions. 

The gold and platinum have been dissolved by the aqua-regia formed, and 
now exist as auric and platinic chlorides. 

First Portion— Test for Gold. 

Dilute with at least ten times its bnlk of water; add a drop or two of a mix- 
ture of stannous and stannic chlorides; a purple or bronnish^red precipitate 
(or coloration), purple of Cassius. conatitutes the teat for gold. 

A convenient way of preparing this mixture of stannous and stannic chlorides 
is to 

(a) Add a few drops of chlorine- water to a solution of stannous chloride; or 

(ft) Add to a small quantity of stannoua chloride enough ferric chloride to 
produce a faint coloration. 

Second Portion — Test for Platinum. 

Add, withont dilution, an equal volume of a strong solution of ammoninin 
chloride. The formation, either at first or on standing, of a lemon-yellow 
crystalline precipitate, consisting of the double chloride of platinum and 
ammonium, (irH,Cl),PtCl, , constitutes the test for platinum. 

.Addition of alcohol favors the precipitation. 

If the proportion of platinum is very small, the mixture, after emmoalun) 
chloride has been added, should he evaporated to dryness on a water-l»th and 
the residue treated with dilute alcohol. The ammonlnm platinic chloride 
remains behind as a yellow crystalline powder. 

SEPARATION OF THE ACIDS FROM THE BASES. 

£304. The preliminary examination of the aolid material In the irf way wIU 
give indications drawing attention to certain acids. Solutions can be evapo- 
rated to obtain a residue for this examination. Thus, detonation (not Uie 

■TnuManny wmetlnieB bo dinolved. 

tAraenio mustbelooked for la thliai wellaiintbenltrto sold«aIutlOD. For whea tha allor 
contaliki anenlo. pact of It will oomblna wlOi Oit antlmonj and tin, and be bald In the nrtda> 
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decrepitation caused bj water In cryatala) indicates ehlor&tM, nltratn, bro- 
mates, iodatea. Explosion or de/lagratinn will occur if theae, or other oxygen- 
ftiFDisliiDg Baits — as permanga Dates, chromates — are io mixture with eaailj' 
GombuBtibie matter ({273, T). HypophoBphiles, heated aione, deflagrate io- 
tenael}'. A broicniffh-iielloic vapor indicatea nltratea or nitrites (9241, 7); a 
irr«m flame, borates (9221, T). The odor of burning aulphur: Bulphldes, sulpfaitCB, 
thlosulphates, or free sulphur. The separation of carbon black: e,a organic acid. 
The formatioQ of a eilvvr »tain: a sulphur compound (£266, T). 

S305. When dlwolvlng- a. aolld by acids for work In the wet way, indications 
of the more volatile acids will be obtained. Sudden etftrvescence: a, carbonate 
(oxalate or cyanate, {228, 6). Greenigh-yeltow rajmrs: a. chlorate (!272). 
Brointitb-yelloiE , chlornitroua vapors on addition of hj'drochloric acid: a nitrate. 
The characUrlUic odori: salts of hjdrosulphuric acid, sulphurous acid, hydro- 
bromic acid, hydriodic acid, hydrocyanic acid, acetic acid. The separation of 
sulphur: a higher sulphide, etc. It will be remembered that chlorine results 
from action of manganese dioxide, and numerous oxidizing agents, upon 
hydrochloric acid. 

9306. If tbe material la in solution, the bases will be first determined. 
(Certain volatile acids will be detected in the flrat-^roup aoidulution— by indica- 
tions mentioned in the preceding paragraph.) Now. it should first be con- 
sidered, what acids can be present in snlutifin icilh the bases foundf Thus, if 
barium be among the bases, we need not look for sulphuric aeitl, nor, in a 
solution not acid, for phosphorie add. 

9307. As a general rule, the non-alkali metals must be removed from a 
solution before testing it for acids, unless it can be clearly seen that they will 
not interfere with the tests to be made, 

Metals need to be removed; because, firstly, in the testing for adds by precipi- 
tation, a precipitate may be obtained from the action of the reagent on the 
base of the solution tested, thus: if the solution contain silver, we cannot test 
it for sulphuric acid by use of barium chloride (and we are restricted to uae 
of barium nitrate). And. secondly. In testing (or acids by transposition iritA a 
stronger acid — the preliminary examination for acids — certain bases do not 
permit transposition. Thus, chlorides, etc., of lead, silver, mercury, tin and 
antimony, and sulphide of arsenic, are not transposed by sulphuric acid, or 
not promptly. 

S308. // neither arsenic tior antimonji is among the bases, they may all be 
removed by boiling Kith slliiht excess of sodium or potassium carbonate, and 
filtering. Arsenic and antimitny, and all other bases of the second group, may 
be removed by warming with hydroenlphuric add, and filtering. When the 
bases are removed by sodium or potassium carbonate, the filtrate must be 
exactly neutralized by nitric acid, with the expulsion of all carbonic add by boil- 
ing. Then, for nitric acid, the original substance may be tested. 

E309. The separation of phosphoric acid from bases is a part of the work 
of the third group of metals, and is explained in 55152 and 153. For removal 
of boric acid, see 9221; oxalic acid. 9151: and silicic acid. 9249. fi and 8. 

The non-Tolatllo cyanogen adds can be separated from bases bv digesting 
with potassium or sodium hydroxide (not too strong. 9S231 and 238), adding 
potassium or sodium carbonate and diffeating, and then filtering. The residue 
is examined for bases, by the usual systematic process. The solution will 
contain the alkali salts of the cyanogen acids, and may contain metala whose 
hydroxides or carbonates are soluble in fixed alkali hydro^des. 
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■Dd test with SaCI| and Co wti«. 

Btlon of Pbl, or racrf).. 

I Addbot K,Sng,iBI° Black. 

,.2NH.0H.2NH.HI>.'| Deep blue solution evidence of copper. , 

For tTaces add HCH.O, and test wlUi K^FelCN),^ Gu,F«(CH). Red-brawn. 

^MI.OH.SHfl.NoJ Add KCN tiU blue ooloi disappear, the u H,s|Cil8 Lemon-Tellow. 

Wlaad precipitate with (HK,).CO,|lM(0H)> While, gelatinous. 

• Acidify with HCiK.O, and add Pb(C,H,0,),} PKiO, Lemon-yellow. 

j DlBSOlve la HC1 aud add KCHS { FalCNS}, Blood red. 

1 Test original solution (acid) with KCNS (or Fs"' and with K.falCH), for Fs" ] Fs,(F«(CIl).], Blue. 

ra. Teat wlthbonnbeod. Blue bead. I'l-,?^ /Co— Ked (Tent wltb borax heaA 
Lb. Add NillCO.andH.O,. Green solution. J Sjl precipitate, f T""* """ '*'*=' '*^*^- 

^a. Test with borax bead. Brown bead. -. " E-g, „| , ^ ^^ i^n g|| 

L^B^SdNrtHtN'fOH'M'^llnCI, -i)®^a| Solution.! (liter Srd add H^ j «18, Black. 

} B^ll with PH. and HNO,[hMiiO. Purple. 

,- Add H. S[ZnS White. 

tDlssolreln KCI and add H,W.JBaSO, White. 



CaCO, 



\%l... 1- Add CaSO., set aside ten minutes ] SrSO,. White. 
Sr(C,H.O,i, I eS.S HoiatenSrSO. with HCI and apply llame test. 

! 1 »^ 2. Add K^O,, boll, setaslde ten minutes. 
C.(C,H^.), S" ''"iS' ".of"" ' '^"'*'''" "''"*■ ""'"^'^ '° ""■ 



Ipply tlame test usins cobalt glass. Violet, 

-After remoi.'al of ll( apply flame teat, yellow. |. i | ( iOOqIc 

-To the orl^nal solution add KOH in strong excess, warm (note odorl and test wit* moist iitmaa'- 
paper; pass gas Into Kessler's reagent) HHg,l. Brown. 
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§317, 1. 



H,S 



HCH 



§317. Table fob Identification and Sepabation of teb CoMMONbr 
OocuBBiNQ Anions (Acids).* 

1. Boil the matwial with dilate HNO, . There results: 
€0, Effervescence; turbidity in a drop of lime-water. 
SO, Effervescence, penetrating odor. 

Effervescence, red-brown fumee, odor. 

Odor, blackening of paper moistened with lead acetate, separa- 
tion of sulphur in the solution. 
Odor I Often masked by the others; see special testa 

Vinegar odor f below. 

2. Boil with ooBoentrated NajCOi solution; all cathiona (bases) except 
the alkalis are precipitated as carbonates or hydroxides and removed 1^ 
filtration. The filtrate contains all the anions (acids) and the excess of 
CO,". Acidulation with HNO, sets free CO,, and SiO, is precipitated; 
identified in the microcosmic salt bead. The filtrate is made ammoniaoal. 

3. Ca(irO,), Mlntion precipitates: 
y aa CaP, "j insoluble in f insoluble; H,80« liberates HP . 

y in acetic dilute J soluble, reappearing with HH,; 
as CaC,0, j acid; ECl [ decolors KHnO^ solution. 

/heated with Fe" + Fe"* + OH* giTaa 
Prussian blue on acidifying. 
with K' ions in concentrated solution po- 
tassium bitartrate precipitated. 
In the filtrate from the above, 
' H,S precipitates AsiS^ at once in the cold. 
In the filtrate from the above, 
H,S slowly precipitates from hot solqlion 
8, + Ai^S, . 

In the filtrate from the above, 
ammonium molybdate gives yellow pre- 
cipitate; or Mi" + NH,' -i- Off giTBB 
\ MgNH.PO, . 

4. In the filtrate from 3. Ba(K0,)2 preoipitatea: 

Cr04''(CrjO,") as BaCrO^ , yellow, soluble in HCl; the yellow color of tke 
solution becoming green on boiling with alcohol. . 



0,0/ 

CS' as Ca(CN), ^ 

C.H^O," as CaC«H«0, 



HAsO," as CaHAiOj 
EAaO/ aa CaHAiOt 



EPO." as CaEfO. 



I 
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SO^" as BaSOf \ / unchaDged, remains insoluble in 

HCl. 
SiF," as BaSiE, \ insoluble on / gives off SIF, , which deposits 

/ in HCl ; ignition \^ SiOj in a drop of water; the 
1 j residue, BaF, , is soluble in 

■J i^ HCl. 

5. The filtrate from 4. it exaotly nentralized with HNO,*; Zn(HO,), 
then precipitates : 

Pe(CN)a"' as Zn,[Pe(CN),], brownish-yellow \ dissolved ( brown 

I by OH' J coloration. 

Pe(CK)«"" aa Zii,Fe(C10, white | gives with \ Prussian 

) Fe"" and H" ( blue. 

6. A few drops of the filtrate from 5. are treated with aa little Fe"* as 
possible: 

Red J Fe(CN8), ) on i permanent red color, 

coloration 1 Fe(C2H,0,)i j heating 1 precipitate and colorlesB solution. 
In the absence of CHS' another drop is tested with Ag' for the halogens; 
if a precipitate results or if CITS' is present, on« part of the solution is 
treated with CS^ and a Utile Cl-water: 

I' violet coloration, disappears with 1 h n + 

Br* brown coloration, does not disappear with i 

The second portion is evaporated to dryness with E]Cr,OT , fused, and 
the mass after cooling dietilled with concentrated HjSO,; appearance of 
oily brown drops of CrOjCl, , forming CrO," with water: CI' , 

7. A oonoentrated water-extract of the original snbRtanae is treated 
with concentrated HiSO^ and solid FeSO^ or Fe" solution, prepared cold; 
a brown coloration showt the presence of NO,'. 

The anions mentioned above to some extent exclude one another, being 
unstable when together in solution owing to their power of mutual oxida- 
tion and reduction, e.g., SO/ and S"; SO," and NOj'; KOj' and CN'; 
JTO,' and S"; KO,' and I'; NO,' and HAaO,"; S" and HAsO/ , etc. It ia 
io be noticed that this always simplifies the analytical procedure. 

§318. Notes on the Detection op Acidb. 

1. The precipitation of tartratea by calcium salts is incomplete; from 
«aldum sulphate HoIufJon a precipitate forms slowly or not at all. Calcium 
tartrate la soluble in the cold in a solution of EOH , precipitating' g«latinouB 
on b<Ali»g; again soluble on cooling (separation from citrate). Calcium tartrate 
la BOluble in acetic acid (separation from oxalate). 

f; A number of basic cKr1>onatM gire almost no eBerreecence when treated 



It !• dlmotad to a 



*?<jOOglc 
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with acida. To delect the pretence of imall amountii at earbmialc, it is recuinoieDilvd 
to place the dry powder in a test-tube and All about three-fourtlis full o( 
diatillcd water. Close the test-tiilie with a two-holed rubber stopper contain- 
iDGf a thistle tube reaching' nearly to the bottom of the test tube, and a 
delivery tube reaching just througfh the stopper. Add dilute sulphuric acid 
and warm g-ently. The carbonate is dpeomposed, driven from the Rolution. 
and, owin? to the limited air space, readily passes through the delivery tube 
Into the solution of calcium hydroxide. 

3, With the generation of an abundance of CO, , the precipitate first formed 
In the Ca(OE), is redissolved (solution of lime in spring water). Boiliog 
drives off the excess of CO, and causes the rep reel pitat ion of the CftOO, . 
Barium hydroxide may be used instead of calcium hydroxide. 

i. If compounds have been strongly ignited previous to solution for aualysic. 
oxalates cannot be present. 

5, In Table H (B315), if strong oxidizing agents are present, as EClO, . 
K,Cr,0, , KMuO, , etc.. the oxalic acid will be decomposed on warming with 
hydrochloric acid. This may be avoided by adding calcium chloride to the 
solution, neutral or alkaline with ammonium hydroxide. The oxalate will be 
precipitated and tiius separated from the oxidizing apcnts. After filtering, 
the precipitate is digested with dilute acetic acid, filtered and the filtrate 
tested for phosphate with ammonium molybdate. The residue is dissolved in 
hydrochloric acid, filtered if necessarv (calcium sulphate does not dissolvF 
readily), and the filtrate made alkaline with ammonium hydroxide. The pre- 
cipitate thus obtained is washed, ilissolved In nitric acid and tested with 
potassium permanganate. The filtrate from the solution after the addition 
of calcium chloride fs acidified with hydrochloric acid, heated to boiling and 
tested for sulphate by the addition of a few drops of barium chloride (1317). 

S. In Table H, if sulphites or tbiosnlphates are present, the solution in 
hydrochloric acid must be heated sufficiently to drive off all the anlphnnnu 
anhydride, or reactions for oxalates will be obtained, due to the sulphurous 
acid alone. If there be any doubt as to the complete removal of the sulphur- 
ous anhydride, the gas evolved hy the reaction of the potassium i>erman- 
ganate should be passed into a solution of calcium hydroxide. A precipitate of 
calcium cerhonate at this point is positive evidence of the previous presence 
of oxalic acid or oxalates. 

7. Alkali (otto- and fenicyaiiides are separated from each other by the 
solubility of the latter in alcohol. 

8. In testing for nitric acid the student must not be content with good 
results from on» test. At least four testa should be made, and all of them 
should give positive results before final affirmative judgment is passed. Faiiurt 
to bleach indigo aoluHon in the presence of an erce»» of ^i/drochloric acid may be 
taken as conclusive evidence of the obsrnce of nitrates. 

S. In the analysis of minerals, slllea or allieates will usually be present. 
The silica should be removed before proceeding with the analysis. Pnae the 
finely divided material with an excess of sodium carbonate, digest the cooled 
mass thoroughly in hot water, filter and evaporate the filtrate to dryness. 
Moisten the residue with concentrated hydrochloric acid, and asain evaporote 
to dryness. Pulverize thoroughly, digest in water acidulated with hydro- 
chloric acid and filter. The residue, white, consists of the silica, SiO, . 

10. Ueta- or pyTophoBphates do not react promptly with ammonium molyb- 
date. In the usual course of analysis they are changed to the orthophosphate 
(i255. 6.4). 

It. FhoBphorlc add may be detected in the presence of arsenic add. by 
ammonium molybdate if the solution be kept cold; it is preferable to remove 
tHe arsenic before testing. In absence of interfering substances the color of 
the Bilver nitrate precipitate will indicate the presence or absence of arwmV 
acid ((69. r>n. See also note gfi. 

/i. Sulphides which are Imnnpospd 6j/ tuidmrhloric arid ore best detected by 
the odor of the evolved pns, and by passing the evolved gas into ammoninm 
hivdroxide and testing with sodium nitroferricj-nnlde- Other anlpMdes ai» 
decomposed bv nitric acid or bv nitrohvdrochloric acid with separation of 
sulphur as a leathery mass or ak a yellow precipitate. Persistent haaling of 

"" " " O" 
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tfae sulphur with the reagent decomposing the sulphide will cause the oxld«- 
tion of a portion of the sulphur to a sulphate which may be detected in the. 
usual manoffr. A portion of the precipitated sulpfa-jr Hhould be burned on a 
platinum foil with fnreful observance of Ihe odor of the evolved gas. 

1,1. A sulphite (or other lower oxidized compound of sulphur) is readily 
detected by adding' Imrium chloride in excess to a portion of the solution, 
diBsolvtng' in ECl . filtering if residue remains, and adding bromine or chlorine 
to the clear filtrate. A precipitation of barium sulphate indicates the o:cidation 
of a lower compound of sulphur to a sulphate. 

li. It frequently becomes neceKsury to detect and estimate sulphides, thio-' 
sulphates, sulphites and sulphates in mixtures containing- two or more of the 
compounds. The method of procedure will vary according to the nature of. 
the substance. The student will be aided by studjing E9Z57, B; 268, 8; and 

ses, 8. 

15. The recognition of chlorides, bromides snd iodides — by evolving their 
chlorine, bromine and iodine, in presence of eacU other — can be accomplished as 
follows — for the iodine the test being very easy; for chlorine, indirect but 
nnmistakable; for bromine, dependt^nt upon much care and discretion." 

The iodine is liberated with dilute ehlorlne-weter, added drop by drop, and 
Is readily detected by starch, or carbon dlsulphlde. According to 9280, 8. (As 
to interference of thiocyanates, see 9234.) The chlorine is vaporized (from 
another portion) as chiorockromir imhydridf, and the latter idenlifled by its, 
color and its various products, as desrribed in 9269, M. Before the bromine 
is identified the iodine is to be either removed ag free iodine, or oxidized to iodate 
(9276. 86). The oxidation to iodic acid is effected as foHows: Treat with 
chlorine-water till free iodine no longer shows its color; add a drop or two 
more of the chlorine- water, and dilute with water, lieeping eool; then add the 
carbon disulphide, agitate and leave the solvent to settle, for the yellow color 
of bromine. The removal of free Iodine may be accomplished aa follows: Add 
chlorine- water, drop by drop, as long as the iodine tint seems to deepen by 
the addition: add the carbon disulphide, agitate, allow to subnfde, and remove 
the lower layer, either liy taking it out with a pipette or by filtration through 
a wet filter. Itepeat. if need be, till iodine color is no lonj^r obtained; then 
continue, with dilute chlorine-water, in test for bromine. 

If iodide in large proportion is to be removed, it is well, first, to precipitate 
It out, as far as possible, by copper sulphate and a reducing agent {Note 17). 
The filtrate is then to be treated by cither method above given. 

16. The aeparation by ammonium hydroxide, aa a aoJtxnt of IJie tilotr pre- 
(Xp(rn(e«— AgCl . A^Br , Agl— when conducted with dilute ammonium hydrox- 
ide, may i>e made complete between the chloride and the iodide, also between 
the bromide and the iodide, but it is very imperfect between the bromide and 
the chloride. The hot and strong solution of ammonium acid carbonate 
separates the chloride from the bromide (9260. 8a). 

n. The direct remotal of Iodides hy preclpltnllon, learing bromldet and chloride* 
In goltiUon, can be effected (apprcximately) by copper sulphate with BUlpbTtrons 
acid (977, GO- or quite completely by palladoua chloride (9106, B). 

18. (ihloric acid is separated from hydrocltloric and all oilier acids of cTiloriite, 
bromine and iodine (except from hypochloroua acid, and from tracea of bromic 
acid), by remaining in solution during the precipitation by silver nitrate 
(S2T3, 5). 

19. Chlorfc acid is separated from nllrio add— alter finding that silver ndnite 
ffivfs no pyecipltate in another portion of the solution, acidulated — by evaporat- 
ing and igniting the residue, then diaaoMng and testing one portion of the 
solution by silver nitrate -for the chloride formed from chlorate during igrnl- 
tion (9273, 7). The other portion of the solution is tested for nitric or nitrooa 
acid. 

■ In cansequeDCeof the relative connDerclal nluea of bromine and Iodine, and the medicinal 
relatione of bnimliles nod Iodides, It Is of freat Importance to aearoh coromerolsl lodidea for 
IntentlonH anil- ooBi'lderHble mlitures of bromffle*— an Impurltj' likely to eacape cursorr 
abemlUHl eiainlnnl.ion. There are, however, very slight and usually unobjectionable propor- 
tion* of bramiil^)< frequenUy to be found In the lodldci of ooiDmerce. and occurring troni the 
diffloultyof exact aeparation In Che manuracture of lodlDs from kelp. ~ 0~ ~ 
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to. it we h&ve to separate chloric acid both from nitric and hudroMorie aeUi, 
a solution of wilvtr sulphata must be used instead of the nitrate, to precipitate 
out all the hydrochloric acid. The filtrate from this ia evaporated, ignited, 
dissolved and tested for eilver chloride, indicating' chlorate in the original 
solution, and another portion is tested , for nitric acid. Also, chlorates are 
4isttnffuished (not separated) from nltralee, by oxidation of ferrous solphatA 
in solution with acetic acid on heatinff. and the consequent formation of the 
red tolullon of fetrio acvtnte (35126, 6h; 152; 223, 6). The solution tested must 
contain no free acids, and no nitrites or other oxidizing agents beside the two 
In question, but may contain chlorides; and, of course, the ferrous sulpbatf 
must be pure enough not to color when heated alone with the acetic acid. 
Mix the ferrous sulphate solution with the acetic acid, boil, then add the solu- 
tion to be tested, and heat nearly to boiling, for some minutes. If no red 
color appears, chlorates are absent, and nitrates may be present. 

tl. Hypochlorites are separated urfih chloratta from chlorides (bromides), etc, 
by illver nitrate; and distinguished from fblorates (in the flltrate from AgCl , 
etc.) by bleaching litmus, and by their much more rapid decomposition and 
consequent precipitation of any silver in solution. Tbey are also more active 
than chlorates, as oxidizing agents. 

3tS. M. Dechan's method (1269, 81) consists (/) in boiling the mixture with a 
solution of 40 grammes of E,Ct,0, , dissolved in 100 cc. of water, which lib- 
erates and expels all of the iodine without disturbing the bromine and chlorine. 

5K,Cr,0, + 6KI = Cr,0, + 8K,CrO. + 31, 
(C) 8 cc. of a dilute solution of sulphuric acid (consisting of equal volDmes of 
H^BO, ap. gr. 1.84. and water) are added to 100 cc. of the dichromate solution, 
and on boiling, the bromine is distilled off without disturbing the chlorine; i 
after which the chlorine is detected in the usual manner. For other methods 
of detecting chlorides fn presence of bromides and iodides, see 1269, 8. 

£3. For A, Longl's process for the Hnalysls of a mixture of chlorides, bro- 
mides, iodides, chlorates, bromates, iodates, ferrocyanidea and ferricyanidee, 
see C. N., 1883, 47, 809. 

ti. In the detection of chlorides in presence of cyanides and thiocyanates 
by the decomposition of the silver salts with concentrated sulphuric acid 
(32ra, 8e), a ifrop or two of silver nitrate should be added fo the precipitate 
before heating with the acid or a black precipitate will be obtained, apparently 
carbon. 

25. For the detection of a bromide in the presence of an iodide, the most 
satisfactory method is by the use of potassium chlorate and dilute sulphuric 
acid as described in S276, Be. The student should carefully note the change 
in color of the solution. The first very dark color Is due to the liberation of 
iodine. There is usually a sudden change of color on the complete oxidation 
of the iodine, but if much bromine be present the solution will be quite dark 
strew color. This should be tested with carbon disulphide and the heating 
continued if free iodine is still present. 

ee. Arsenic add should not be present when testing for a phosphate. If the 
arsenic acid be reduced to arsenons acid by aulpburoua acid It will not Interfere 
with the ammonium molybdate test for a phosphate. The excess of snlphur- 
ous acid must be removed by boiling before testing for the phosphate. Arsenic 
is best removed by precipitation ss sulphide in the second group. 

gj. Chromic acid Is alwaya identified by reduction and precijltatlon as 
chromic hydroxide, green, in the tliird group. The red or yellow color to the 
original substance usually gives evidence o( the probable presence of the 
hexnd chromium. The reduction is effected In the course of analysis by hydro- 
sulphuric acid with precipitation of sulphur. It Is advisable to reduce all 
chromates by warming with hydrochloric acid and alcohol before proceeding- 
with the analysis. Another portion of the substance may be reduced with 
sulphuric acid and alcohol and tested for chlorides. ^^ 

iS Kanganates are readily decomposed by water with formation of KlEnO, 
and MnO, . In the presence of a fixed alkali the manganate arfiitton ia green 
and does not rapidly change to permanganste. The mangana'fcl ftnd permMi- 
ganatea in solution are all dark colored (green, purple-red) a»d should be 
reduced by warming with hydrochloric acid before proceeding with the 
analysis. O' ~ 
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§818. PBINCrPLES. 
In the following statements, the term salt includes only oases where 
the metal acts as a base, e. y., chromium salts include CrClj , not KjCrO^ . 
Unly salts of ordinary metals are included. 

1. Hydroxidet when hrought in contact with acids form nalts, provided 
they can be formed by any meaus in the prcsenct! of water. The same 
is true of oxides. But A1,S, and CijS, are not formed in presence of 
water. (Some oxides after ignition fail to unite with all acids, e. g., SnOj , 
FCjOj, A1,0, , but by long boiling unite with a few acide; while ignited 
Cr20, is insoluble in all acid^). 

2. All nitrates, chlorates and acetates are soluble, but salts of cuprosuni. 
bismuth, tin, antimony and the oxysalts of mercury require some free acid 
to hold them in solution. 

3. All oxides and hydroxides arc insoluble, except those of the alkalis, 
those of Ba, 8r and Ca slightly soluble. The fixed alkalis precipitate 
solutions of all other metallic salts, Ba, Sr and Ca incompletely. The 
precipitate with silver, antimonosum and mercury is an oxide, with Sn'^" 
it is 8iiO(OH), , with SV, SbO(OE), , in all other cases a normal hydroxide. 
[At boiling heat instead of normal hydroxides other hydroxides are some- 
times formed, e. g., FejO,(OH)„, and Cn,Oj(OH)j]. This precipitate re- 
dissolves in eight cases, forming, if potas-sium hydroxide be used . . . 
K^bO, , KjSnOi , K,SnO, , KShO, , KSbO^ , E,ZnO, , KAIO, . KCrO, . Tha 
last precipitates on boiling. 

4. Ammonium hydroxide precipitates solutions of the first four groups, 
manganese and magnesium imperfectly and not at all if ammonium 
chloride be present. The precipitate is a normal hydroxide, except that 
with Sn"' it ia SnO(OH)j , with Sb'', ShOCOH)^ , with Ag and Sb'" the 
oxide, with Pb a basic salt, and with Hg a substituted mercuric ammonium 
compound, Hg* in addition forms Hg°. The precipitate redissolves in six 
cases, viz., silver, copper, cadmium, cobalt, nickel and zinc. With silver, 
SS,AgO is formed, with zinc {lIH,),ZnOj . 

5. The chlorides of the first group are insoluble, lead chloride slightly 
i'oluhle. Hydrochloric aoid and soluble chlorides precipitate solutions of 
salta of the first group, lead salts incompletely, and normal lead salts are 
not precipitated by mercuric chloride. (For action on higher oxides, etc., 
pce g269. 6.4). 

6. The bromides of the first group are insoluble, lead bromide slightly 
f-olnhle (less than the chloride). Hydrofaromio acid and lolable bromides 
I'recipitnte solutions of the salts of the first group, lead salts incompletely. 
(Per action on higher oxides, etc., see §276, 6^). 

7. The iodides of lead, silver, mercury and cuprosum we iupo'-ible. 
Sydri»dio acid and soluble i«didei precipitate solutions of Icid, silver,. 
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mercury and cuproBum. Cupric salts are precipitated as cuprous iodide 
-with liberation of iodine. Ferric aalta are merely reduced to ferrous 
salts with liberalion of iodine. Araenic acid is merely Feducedi to aisto- 
ous acid with liberation of iodine. . 



(Dlsmuth, stannous and antimonous iodides are really insoluble in water, and 
are readily formed by the action of hydrioilic acid or soluble iodides on the dry 
or merely moistened salts. But the diseolved salts of these three metals fre- 
<|iu'ntly cont-aia so much free acid that it prevents their precipitation by 
1i.\drlo<lic acid or by soluble iodides. Arsenous iodide is decomposed by water. 
It may be formed from the chloride, best by adding hydriodic acid or b soluble 
iodide to a solution of arsenouB acid in strong- hydrochloric acid. Bismuth 
iodide is blacl<; atannous, antimonous and arsenous iodides are yellowish red.) 

8. The sulphates of lead, mercurosum, barium, stroutium and calcium an- 
insoluble, those of calcium and mercuroeum slightly soluble. SslpliuTi^ 
acid and tolnble anlphates precipitate solutions of lead, mercurosun . 
barium, strontium and calcium; calcium and mercurosum incompletely. 

!). (a) The inlphides of the first four groups are insoluble. Hydro- 
■ulphuiio acid transposes salts of the first two groups in acid, neutral. 
and alkaline mixtures, except arsenic, which is generally imperfectly 
precipitated unless some free acid or salt that is not alkaline to litmus 
paper be present. The result is a sulphide, but merctirosum forms mer- 
curic sulphide and mercury, and arsenic acid forms arsenous sulphide and 
free stilphur. Ferric solutions are reduced to ferrous with liberation of 
sulphur. In acid mixture other third and fourth group salts are not 
disturbed, but from solutions of their normal salts traces of cobalt, nickel. 
manpwnese, and zinc are precipitated. (For action on higher oxiden. sci' 
§257, dA). 

(b) Soluble sulphidei transpose salts of the first four groups. Th>> 
result is a sulphide, except that with aluminum and chromium salts it is 
a hydroxide, hydrosulphuric acid being evolved. With mercurous salts, 
mercuric sulphide and mercury are formed; with ferric salts, ferrous 
sulphide and sulphur. 

10. The carbonatea of the alkalis are soluble. Carbonates of the Axed | 
alkalis precipitntc solutions of all other metallic salts. The precipitate i$: 

a. An oxide with antimonous salts. 

h. A norninl hydroxide witli Sn". Al , Cr"' and Fe'"; with Se'^, 8nO(OH), : 
with Sb^ SbO{OH), . 

r. A normal carbonate with Ba, Sr and Ca salts and, if cold, with ailver, 
mercurosum, cadmium, ferrosum and manganosum. 

/f. A basic carbonate in other cases, except mercuric chloride, which 
Torms an oxychloride. Carbonic is completely displaced by strong acids. 
for example, from all carbonates, by HCI , HClO.HBr , EBrO, , HI , HIO, . 
H.,C,0. . HHO., , H,PO. , H,SO, . and even by H,S ,' completely from 
<'arboiiatefi of first four groups, iiicon'oletely from those of the fifth and 
sixth groups (Nandin and Montholon, C. r.. 1876, 83, 58). 



pil6, 13e. PRINCIPLES. 393 

11. All nomul and di-metallic orthophoiphates are insoluble except 
those of the alkalis. The nomml and di-inetaliic phosphates of the alkalis 
precipitate solutions of all other salts. The precipitate is a normal, di- 
metallic, or basic phosphate, except that with mercuric chloride and with 
the chlorides of antimony it is not a phosphate, but an oxide, or an oxy- 
chloride. 

All phosphates are dissolved, or transposed by nitric, hydrochloric and 
Bulphuric acids, and all are dissolved by acetic acid except lead, aluminum 
and ferric phosphates. All are soluble in phosphoric acid except those of 
lead, tin, mercury and 'bismiith. 

12. Ignition. — a. The oxides of load and iron heated in the air to a red beat 
form FbiO« and 'Stfi, , but^t a white heat form FbO and Fe,Ot . Other 
ozidet, if ignited in the air to a vhite heat, when changed, either take up 
or lose oxygen and leave ultimately the following: Ag, Hjf, Au, Pt 
SitO,, Sb,0,, As^Oa, BiaO,, CnO, CdO, Fe^O,, Cr,0,, A1,0,, Co,0. 
ViO , Kn^O, , ZnO , BaO , SrO , CaO , 1^ , KjO , Na^O . In a few cases 
ignition at a lower temperature gives other results, e. g., Co,0, , BaOj 
ira,0,,SbA.etc. 

b. Alkali hydroxides ignited in air at a white heat are not changed, 
Other hydroxides give same as in (a). 

c. Alkali carbonates ignited in air at a white heat are not changed. 
Other carbonates evolve CO, and leave as in (a). 

d. Fixed alkali oxalates ignited at a white heat in absence of air are 
changed to carbonates, evolving CO . Ba , Sr and Ca oxalates and a few 
others at a red heat, in absence of air, form carbonates evolving CO , at 
a white heat these carbonates are changed to oxides evolving CO, . All 
oxalates ignited in pretence of air at a white heat are changed as in (a). 
except the fixed alkali oxalates which are left as carbonates. Tn all cases 
when air is present the CO burns to GO, . 

e. All organic salts ignited at a white heat, in a current of air, leave 
residues as in (a), but forming carbonates if fixed alkalis are present. 
The products evolved depend upon the composition of the organic' por- 
tion of the salt. 

13. The following acids may be made by adding svlphiirio acid in 
excess to their respective salts and distilling: 

a. Carbonic from all carbonates. 
6, Nitric from all nitrates. 

d. Sulphurous from all sulphites. 

e. Hydrochloric from all . chlorides except those of mercury. But sul- 
phuric acid transposes the chlorides of Ag , Sn and 8b with extreme 
difficulty, so that practically other methods are used to separate hydro- 
chloric acid from these metals. 
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§880. £qdaiioms. 

It ia reconuaended that in the class-room some sttentton be paid to the 
balancing- of equations as representing- the important analytical and synthetic- 
operations, especialty those involving osidation and reduction. The work will 
be simplified by a careful study of fSSie, 217 and Z18 and application of the 
rule SB illustrated there. When the time permits, the operations represented 
by the equations studied in the clasB-room should be performed by each 
Bttidect at his laboratory work-table. At first the teacher shouid select simpler 
equations illustrating' aualytlcal operations and the principles ({319). Later. 
the more difficult equations involving oxidation and reduction should be studied. 
The student should give the authority for every reaction. The accompauj'ing- 
lifit of equations is merely sugg^eative and may be expanded by the teacher as 
the time permits. In each equation the second substance is to be considered 
as in excess; that Is, BuJHcient to produce the greatest possible change in the 
first substance. For description and methods of making the basic salts used 
in this list, see Dammer's Aitorganithe Chemle. 



1. Sb + HNO. 

2. A9« -I- HNO, 

3. As.O. + Hiro, 

4. Mii(OH), -I- PbO. -I- HNO, 

5. MnSO. + Pb.O. -|- H,SO. . dilute 

6. MnO, -I- KlfO, -I- K,CO, , fusion 

7. S, + KlfO, -f K,CO, , fusion 

8. ICnS + ENO, + K.CO, , fusion 
9- Mll.O„ -I- Pb,0, -t- HNO, 

10. Cr(OH), -I- KNO, + K.CO, , 

fusion. 

11. Pb,(AsO,>, +Za. + S,SO, , dilute 

12. Cu,A8,0t +Zn + H,SO. , dilute 

13. Pb(NO,), -f- Al + KOH 

14. Cu(NO,), + Al + KOH 

15. BI(KO,), + Al -f KOH 

16. Hg,„0,(NO,), -I- Al -(- KOH 

17. KuS + Mn(NO,), -|- K,CO, , fiis. 

18. Mn,0; -I- Pb,0. -t- HNO, 
IB. Fe + H.SO. , con., hot. 

20. KI + KiO, -I- H,SO, . dilute 

21. KnSO, + KHnO, -|- H,SO, , dilute 
23. (NaCl -t- K,CrO, -|- H,SO,), dry, 

23. KNO. -1- TeSO. + H,SO, , con., 

24. K,Cr,0(CrO,), + HCl , hot 
23. Hg,0<NO,). -I- Al -f KOH 

20. Ag,A80, + Sua, + HCI . «p. gr. 

i.is 
87. PbO, -I- KX,0, + H,SO. , dilute 
E8. Pb.O, , v.hj(e heat 
2(1. NaH,PO, , ignition 

30. Fe.O.{ABO,). + FeS + HCl 

31. FeBr, + HNO, 

32. 8n + HNO, , hot 

33. KOH + Br, , hot 

34. Fel, + H,SO, , gp. gr. 1.84. hot 

35. KBr -I- KBrO, + H,SO. . dihite 

36. Peso. -I- KMnO. -|- H,SO, . dilute 

37. K,Cr,0{CrO.), -f- KOH -|- Br, 

38. 4Hg,0,{N,0J, + Al -I- KOH 

39. Ag.AsO, -I- SnCl, + HCl , tp. gr. 

1.18 

40. Co,0, , Ifrnition, white heat 

41. H,B + HNO, , sp. gr. 1,42, hot 



42. Hg.(AsO.), + PeS + HCl 

43. re,0,(ABO,}, + KOH -|- 01, 

44. Pel. -I- HNO, , sp. gr. 1.48, hot 

45. Cr,(SO,), -1- Cr(NO.), + K,CO, , 

fusion 

46. Fb,(A80,), H- Zu + H,BO. , dilute 

47. KOH -I- CI, . cold 

4fi. KBr + KIO, -|- H,SO. , dilute 

49. (Or .OHCli -I- K.CrO. + H.SO.), 

50. Zn.O,(NO.), -I- PeSO. + H,80. . 

concentrated, cold 

51. Hg,(AsO.), -I- SnCl, + HCl, »p.(H-. 

1.18 

52. Hn,0, , ignition 

53. Pe:O,S0, + Zn -f- H,S0t , dilute 

54. Bi,S, + HNO, . dilute, hot 

55. Hg.AeO, -I- FeS 4- HCl 

56. Cr,(OH),SO. + KOH + CI, 

57. re(H,PO,), -t- HNO, 

58. Cr.O. -(- EClOi + K,CO, , fusion 

59. Cu.O,(AsO.), -1- Zo -1- H.SO, , dil. 

60. KOH -I- CI, , hot 

Gl. ]ffn,0,, + KCIO, + K,CO, , fusion 

G2. HIO, + SnCl, -j- HCl 

63. B1„0„ (NO,),, + Peso, -t- H,SO, , 

04. CrO, , ignition 

65. KUnO, + H.C.O. -f- H,SO,, dilute 

56. FeAaO, + Sn'Cl, + HCl , »p. gr. 1.18 

G7. Fe,Cl. -I- FeS + HCl 

na. r.CuO.As,0,, -|- Pe -f HCI 

no. HIO, -I- H,C,0, , hot 

70. (Ct,{0H),C1 + K,Cr,0, + H-SO,). 

drv. hot 
n. Fe(N0,), + Peso. + H.SO. , con.. 

72. Ag,SO, + Zu 

73. H,SO, + HNO, . gp. gr. 1.42 

74. FeAsO, + FeS -I- BCl 

75. Pb(AsO,), -I- KOH + ra, 

76. Fe(HO,), + HNO, 

77. lln,0, + Mn(NO,), + K,CO, , 

fusion 
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PROBLEMS IX SYNTHESIS. 



§321. Frobleus in Synthesis. 



For the Bake of a more tboroug'h drill In the principles of oxidation (tii4 
other reactions, a few problems are here given; a part of them the student 
ehouid practically work at iiia table, but the; are chiefly deaigued for claas 
exercises. Special care should be taken that a pure product be formed and 
that the ingredients be taken from the sources indicated. In each caae the 
authority for every step in the process should be stated. 

1. Silver oxide from metallic silver. 

2. Mercuric bromide from mercuroiis chloride and sodium bromide. 

3. Chromic chloride from potassium chromate and hydrochloric acid. 

4. Arsenic acid from pwlasEium arsenite. 

5. Potassium arsenate from arsenous oxide and potassium hydroxide. 

6. Ifad nitrate from lead chloride and potassium nitrate, 

7. MercurouB nitrate from mercuric chloride and sodium nitrate. 

8. Mercuroua oxide from mercuric oxide. 

e. Mercuric bromide from metallic mercury and potaseium bromide. 

10. Lead nitrate from lead dioxide and potassium nitrate. 

11, Lead chromate from lead hydroxide and chromium hydroxide. 
IB. Barium chromate from chrome alum and barium carbonate. 

13. Mercuric chromate from mercuric sulphide and chromium bydrozlda, 

14. Chromium sulphate from potassium dichromate and zinc sulphide. 

15. Phosphoric acid from sodium phosphate. 

16. Phosphorus from calcium phosphate. 

17. Lead iodate from sodium iodide and lead sulphide. 
IS. Silver iodate from silver chloride and iodine. 

19. Ferric arsenate from ferrous sulphide and arsenous oxide. 

20. Mercuric bromide from mercuric sulphide and sodium bromide. 

21. Ammonium sulphate from ammonium chloride and sulphur. 

22. Sodium chloride from commercial salt. 

23. Phosphorus from sodium phosphate. 

24. Lead sulphide from trilead tetroxide and ferrous sulphide. 
"25. Ferrous sulphate from ferric oxide and sulphuric acid. 

26. Ammonium hydroxide from potassium nitrate. 

27. Cadmium sulphate from cadmium phosphate and ferrotis sulphide. 

28. Mercuroua nitrate from mercuric sulphide and nitric acid. 

29. Barium sulphate from potassium thioc.vanate and barium chloride. 

30. Mercurous chloride from mercuric oxide and sodium chloride. 

31. Sodium iodate from potassium iodate and sodium chloride. 

32. Sodium phosphate from calcium phosphate and sodium chloride. 

33. Strontium nitrate from sodium nitrate and strontium sulphate. 

34. Potassium sulphate from potassium nitrate and sulphur. 

35. Barium sulphate from barium chloride and zinc sulphide. 

38. Potassium permanganate from maufcanese dioxide and potassium nitrat«. 

37. Arsenous chloride from lead arsenate and sodium chloride. 

38. Potassium chromate from potassium nitrate and lead chromate. 

39. Potassium iodide from potassium chloride and iodine. 

40. Barium chlorate from sodium chloride and barium nitrate. 

41. Arsenous sulphide from arsine nnd ferrous sulphide. 

42. Copper sulphate from copper sulphide. 

43. Silver nitrite from silver chloride ond sodium nitrate. 

44. CnprouB chloride from metallic copper and sodium chloride. 

45. ManganouR carbonate from manganese peroxide and sodium carbonate. 

46. Manganous pyrophosphate from manfraneRc peroxide and ammonium phoB- 

47. Lead arsenate from lead sulphide nnd arsenous oxide. 

48. Bismuth subnitrate from metallic bismuth and nitric add. 

49. Barium percblorate from sodium chloride and barium hydroxide. 

50. Lead Iodate from metallic lead and iodine. 
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§322. Table op SoLUBiLiTrBH.* 

Rowing Oie ciassea to tohich (lie compounds of the commonly occurring elements 

belong in respect to their solubility in water, hydrochloric uiiu, 

nitric acid, or aqua regia. 

Pbeliminaby Remabks. 

For the sake of brevity, the clas^tts to which the compounds belong ar» 
expressed in letters. These have the foilowing siguidcatioD : 

W or w, soluble in water. 

A or a, insoluble in water, but soluble in hydrochloric acid, nitric acidy 
or in aqua regia. 

I or i, insoluble in water, hydrochloric acid, or nitric acid. 

Further, substances standing on the border-lines are indicated as fol- 
lows: 

W — ^A'or w — a, difficultly soluble in water, but soluble in hydrochloria 
acid or nitric acid. 

W — ^I or w — i, difficultly soluble in water, the solubility not being- 
greatly increased by the addition of acids. 

A — I or a — i, insoluble in water, difficultly soluble in acids. 

If the behavior of a compound to hydrochloric and nitric acids is essen- 
tially difTerent, this is stated in the notes. 

Capital letters indicate common substances used in the arts and in 
medicine, while the small letters are used for those less commonly occur- 
ring. 

The salts are generally considered as normal, hut baeic and acid salts, 
as well as double salts, in case they are important in medicine or in the 
arts, are referred to in the notes. 

The small numbers in the table refer to the following notes. 

Kotes to Table of SolnbilitiM. 

(I) Potassinm dichromat*-, W. (S) Potassium borotartrate, W. (3) Hydro- 
gen potaBBium oxalate. W. (4) Hydrofren patasaiuin carbonate. W. (S) Hydro- 
gen polBEBium tartrate, W. (6) .\mmoniiiin potnaftlum ■ tartrate, W. (7) 
Sodium potaBsium tartrate. W. (S) AmmonfHin sofliiiro phosphate, W. (9) Acid 
sodium horntf W. MO) Hydrogen Hodinir. earbonate. W. (11) Tricalcium 
phoBphate, A. (12) Atnmoniiim magnesinm phosphate, A. (13) PotaBBiuni 
aluminum oulphate. W. (U) Anininnliim Bliiminiim siilphnte. W. (15) PotaB- 
Bium chromium siilphote. W. (16) Zinc Btilphide. as Bphalerlte, soluble In 
nitric acid «-ith sepiiratlon of sulphnr; in hydrochloric acid, only upon heating. 
(IT) ManganeRe dioxide, easily soluble in hydrochloric acid: insoluble !n nitric 
acid. (IS) Nickel sulphide is rather easily decomposed by nitric add: very 
difflcnlty by hydrochloric acid. (19) Cobalt sulphide, like nickel sulphide, 
(20) Ammoninm ferrous .sulphate, W. (21) Ammonium ferric chloride, W. 
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(28) FotasBfutn ferric tartrate, W. (S3) Silver sulphide, only soluble in nitric 
acid. (24) Minium is converted by hydrochloric acid into lead chloride; by 
nitric acid, into soluble lead nitrate and brown lead peroxide which is insoluble 
in nitric acid. (25) Tribasic lead acetate, W. • (36) Mercurius Bolubllis Hahne- 
nianni, A. (27) Basic mercuric sulphate. A. (EH) Mercuric chloride-amide, A. 

(29) Mercuric sulphide, not soluble in hydrochloric acid, cor in nitric acid, but 
soluble in aqua regia upon heating-. (30) Ammonium cupric sulphate, W. 
(31) Copper sulphide ia decomposed with difficulty by hydrochloric acid, but 
easily by nitric acid. (32) Basic cupric acetate, partially soluble in water, anil 
completely in acids. (33) Basic bismuth chloride, A. (34) Basic bismuth 
nitrate, A. (35) Sodium auric chloride. VV. (:i6) Gold sulphide is nut dissolved 
by hydrochloric acid, nor by nitric acid, but it is disBolved by hot aqua regia. 
(3») Potassium plantinic chloride, W— I. (38) Ammonium platinie chloride, 
W— I. (39) Platinum sulphide is not attacked by hydrochloric acid, is but 
slightly attacked by boiling nitric acid (if it has been precipitated hot), but 
is dissolved by hot aqua regria. (40) Ammonium stannic chloride, W. (41) 
Stannous sulphide and stannic sulphide are decomposed and dissolved by hot 
hydrochloric acid, and are converted by nitric acid into oxide which is insoluble 
in an excess of nitric acid. Sublimed stannic sulphide is dissolved only by hot 
aqua regia. (42) Antimonous oxide, soluble in hydrochloric acid, not in nitric 
acid, (43) Basic antimonous chloride. A, (44) Antimony sulphide is com- 
pletely dissolved by hydrochloric acid, especially upon heating; it is decom- 
posed by nitric acid, hut dissolved only to a slight degree. (45) Calcium 
antimony sulphide, W— A. (46) PotWMium antimony tartrate, W. (47) Hydro- 
gen calcium malate, W. 
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§323. Beagenti.* 

During the past two years the reagents for use in qualitative chemical 
analysis at the University of Michigan have been made up on the baws 
of the normal solution; i. e., the quantity capable of combining with one 
gram of hydrogen or willi its equivalent is taken in a litre for the nomisl 
solution. For example: Xormal potassium hydroxide, EOH , requires 5C.1 
grams per litre of solution (not 5C.1 grams to a litre of water), but the usual 
pure product contains about ten per cent of moisture, so it is directed to 
use 62.3 grams or 312 grams for a solution five times the normal strength, 
6N. Barium chloride, BaCl^.^H^O, has a molecular weight of 244.2, but 
the hydrogen equivalent is (244.3-1-2) 122.1, so for a litre of half-aormal 
solution, N/3, take 61 grama. t 

In the following list of reagents, in the parenthesis immediately follow- 
ing the formula are given the grams per litre necessary for a solution 
of the strength indicated. Fresenius' standard follows the parenthesiti 

Aoid, Acetic, HC,H,0, (300. 5N), «p. gr. 1.04, 30 per cent acid. 

Araenlc, H.AbO,.'/, H,0 (IS, % H,AaO, -i- S). 

Vluoaillclc, H,S1F. , 3247. 

Hydrobromlc, HBr (40, N/2). 

Hydrlodlc, HI (64, N/2). 

HydTochlorlc, HCl (182, 5N, gp. gr. 1.084), »p. gr. 1.12, 24 p. c. add. 

Hydroaulpliurlc, H,S , saturated aqueous Bolutlon, |SB7, 4. 

Iodic, HIO. (IS, %, HIO.-!- S). 

Vitrlc, "SSO, (31S. 5N. «p. or. 1.165), ap. gr. 1.2, 32 p. c. add. 

Vitrohjrdrochlorle, about one part ol concentrated HVO, to three psrto 
HCl. 

mtrophsnlc, C.E,(NO,}.0a (picric add). 

Oxalic, H,C,0,.2HiO , crysfals diasolved in 10 p&rta water. 

Phoapboric, H.PO. (16, N/2). 

Sulphuric, H,SO, , concentrated, «p. gr. 1.B4. 

anlphuric, dilute (245, 5N, gp. gr. 1.153). one part add to five ports watc*. 

SnlphuroUB, H,&0, , saturated aqueous solution. 

Tartaric, H,C,H,0, , crystals dissolved in three parte water. 
Alcohol, C,E,0 , up. gr. O.fllS, about 95 p. c. 
Aluminum Chloride, AlCl, (22, N/2). 

Nitrate, A1(1I0,),.7>/,H,0 (58, N/2). 
Sulphate, A1,{80.),.1HH,0 (55, N/2). 
Ammonium Carbonate, (1IH,),CO,.(340, ^N), one part crystallized salt in fovr 

p;irts ivnter, with one pnrt ammtiniiim hydroxide. 
Ammonium Chloride, NHiCl fsr,?, 5X). one part salt in eig-bt parte water. 

Hydroxide, ITH.OH (sriNH, , SN, gp. gr. 0.964), gp. gr. 0.96, 10 p. c 

MH, . 
Ammonium Holybdste. (NH,)rMoO, (SfiMoO, , N/2, 575. 6d), 150 g. salt in one 

litre of NH,OH . pour this into one litre of HNO, . gp. gr. 1.2. 
Ammonium Oxalate, (NH, ).C,0, .2H,0 (40, N/2), one part crystallized salt in 

21 pnrts water. 
Ammonium Sulphate, (NH.),SO, m. N/2). 

Sulphide, (NH.),S. eolorlesB, three parts NH.OH , saturate with 

H.S and add two parts of NH.OH . 

• 111 tho irrent er number at cMer. reasenti nhould be " ohemlcall j pure." Dlfferentiieea 
require dilTercnr. rirjirepB of purity. An article of sodium hydroildn oontKmlnatnl witfa 
chloride may be uaad In sntneopentlonB; not in others. Those whn hkve bad tralalns' )n 
analfBlackn do wtthnut upeelHa direottons, which cannot be mvlDt" cover all olrenmataoeea ; 
■nd the beBlnnermurt depend on otho" for the Beli-flionnf reagenlr. - O' ~ 
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AtttmoBivm Solpblde, (ITE,),8x , yellow, allow the colorleu to stand lor >QO» 

time or add sulphur. 
Antlmonic CMoride, SbCl, (30, N/S). 
AntliRoiiona Chloride, SbCl, (38, N/S). 

Araonous Oxide, As.O, (S, N/l), saturated aqueous solution. 
Bnrttun Carbonate, BaCO, , freshly precipitated. 

Chloride, BaCl,.3H,0 (61, N/3), one part salt to 10 parts water. 
Hrdroxlde, Ba(OH),.HH,0 (?.2, N/S), saturated aqueous solution. 
Kltrate, Ea(NO.), (65, N/2), one part to 15 of water. 
Blamuth Chloride, BlCl, {52, N/2, use HCl). 

Nitrate, B1(NO.),.5H,0 (40, N/4, use HBO,). 
CadmlBm Cbloride, CdCl, (4ti, N/2). 

Nitrate, CdtNO.),.-lH,0 (77, K/2), 
Sulphate, CdSO..-lH,0 (70, N/2). 
Caldtim Chloride, CaCl,.6H,0 (55, N/2), dissolve in 9 parts water. 
Hydroxide, Ca(OH), , a saturated solutiou in water, 
mtrate, Ca(19'0,),.4H,0 (59, N/2). 
Sulphate, CaSO,.SS,0 , a saturated solution in water. 
Carbon Diaolphlde, CS, , colorlesa. 
Chromic Chloride, CrCl, (SB. N/S). 

Nitrate, Cr(NO,). (40, N/2). 
Sulphate, Cr,(BO.),.lBH,0 (60, N/S). 
Cobaltotu NlUate, Co(NO,),.eH,0 (73, N/2), in S parts of water. 

Sulphata, CoSO,.TH,0 (70, N/2). 
Ooppts Chloride, CuCI,JiH,0 (43, N/2). 

Nitrate, Ca(N0.)..6H,0 (74, N/2). 
Sulphate, CiiSO,.SH,0 (62, N/2), In 10 parts water. 
Caprona Cldorlda, CuCl (50. N/2, use HCl). 
Varrte Chloride, FeCl, (27, N/3), 20 parts water to one part metal. 

Nitrata, Ve(NO,),.eH,0 (67, N/2). 
Femma Sulphata, FeSO,.7H,0 (80, Ji/S), use a few drops of H.SO. . 
Oold Chloride, HAnCl,.3H,0 , solution in 10 parts water. 
Hydrogeo Peroxide, 3 p. c, solution. 
Indigo Solntlon, 6 parts fuming H,SO, to one part indigo, puIveriKe, stir and 

cool, allow to stand 48 hours and pour into 20 parts water. 
I«ad Acetate, Pb(C,H,0,),.3H,0 (95, N/2), dissolve in 10 parte of watu-. 
Chloride, PbClj , saturated solution, N/7. 
Httrate, Pb(NO,), (83, N/S). 
K^neaia. HlxtuTe: U^O. , 100 g.; NH.Cl , 200 g.; HE,OH , 400 cc.; H.O , 100 

ec. One oc. = 0.01 g. P. 
Kagneolum Chloride, KgCl,.6H,0 (51, N/2). 

Nitrate, lIg(N0.),.6H,0 (64, N/2). 

Sulphate, VgaO^.TB^O (62, N/2), in 10 parts of water, 
a Chloride, SIiiCl,.4H,0 (ao, N/S). 
Nitrate, Mn(HO.),.CH,0 (72. N/2). 
Sulphate, IlnS0,.7H,0 (69. N/2). 
I'BTcnrlc Cfaloridtt, HgCI, (68, N/2), in 16 parts of water. 
Nitrate, Hg(NO,), (81. N/2). 
Sulphate, HgSO, (74, N/2). 
KarcurouB Nitrate, HgNO, (l-ll. N/2), one part salt, 20 parts water and one 

part HNO, . 
Nickel Chloride, NiCI,.6H,0 (59, N/2). 

Nitrate. N1{N0,),.SH,0 (7.1, N/2). 
Sulphate, NISO,.<iH,0 (r>6. N/2). 
Falladous Sodium Chloride, Na.FdCI, , in 12 parts water. 
Potassium Arsenate, K.AsO, (2ri. '/.. K.AsO. -i- 5). 
Arsentta, KAsO, (24, % KAsO, -!- 3). 
Bromate, KBrO, (U, y, KBrO, -=- 6). 
Bromide, KBr (00, N/S). 
Carbonate, K,CO, f207. 3N). 
Chlorate, KCIO, . the dry salt. 
Chlorid^ KCl (37. N/3). .-. , 
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a QuoomU, K,CrO. (49, N/S), in 10 parts water. 

Cranld*, XCIf (33, N/2), in four parts water. 
. Slchromate, X,Cr,0, CiS. y,. E.Cr.Or -H 4J, In 10 parta waCar. 
Ferrocyanld'a, X.Fa(CN),.»H,0 (S3, N/2). U parts water. 
E-erricjranlda, KtrelClT), (55, V/2), in 10 parts water. 
B7droxlde, SOH (31S [90 p. c. KOH], &N). 
lodata, EIO, (18, % ElO, -i- 6). 
lodida, XI (S3, fi/2). dissolve in SO parts water. 
Karcoric Iodide, K.HpI, ,Ness1er's solution, E207, it. 
Nitrate, KNO, (50, N/2), the cryatalUzed salt. 
Nitrite, XNO, , the dry salt. 
Pyroantlmoaate, X,H,Sb,0,.eH,0 , see S70, 4(;. 
Permanganate, XMnO, (16, >/, XMnO, -i- 5). 
Thlecyanate, KCNS (49, ti/2), in 10 parts water, 
aydro^n Eulpbate, KHSO, , fused salt. 
Sulphate, K,BO, (44, y/2), in 12 parts of water, 
Platlnic Chloride, H,FtCl,.GH,0 . in 10 psrla of water. 
Silver Nitrate, A.gSO, (43, ^/i), in 20 giHrlH of water. 

Sulphate, A?,SO. , saturated solution, N713. 
Sodium Acetate, NaC,I[,0,.3H,0 , in lo parts of water. 

Carbonate, Na,CO, (150, 3N), one part anhydrous salt or S.7 parts o£ 

the i^ry«ta]s, Ha,CO,.10S,O , in fi partx of water. 
Chloride, NaCl (29, N/2), 

Tetraborate, Na,B,O,.10H,O. boraj;,'the crystallized salt 
Hydroxide, NaOH (SSO |90 p. c. NaOH). a.M). diasoWe in 7 paria «t 

Hypochlorite NaClO, (270, 4. 

Nitrate, NaNO. (43, N/2). 

Phoaphate, Na,HP0..13H,0 (60, N/2), dissolve In 10 parta of watw. 

Fhosphomolybdate, {75, 6d. 

Sulphate, (as. N/2). 

Solpblde, Na,8 , one part HaOH saturated with H^ to on* part of 

NaOH , unchan^d. 
Xeld Sulphite, the dry salt. 

Snlphlte, Na,80,.TH,0 (63, N/Z), in 9 parts of water. 
Aeld Tartrate, NaHC,H,0. , In 10 parts of water 
Thlosulphate. Na,S,0,.r)H,0 , in 40 parts of water. 
Stannic Chloride, SnCl. (3.1. N/8). 
Btannoua Chloride, SnCli.2H,0 (56, N/2), in 9 parts water atrongly add wttt 

HCl. 
Strontium Chloride, BrCI,.6H,0 (67, N/2). 
Nitrate, Sr(NO,), (53, N/2). 
Sulphate, SrSO, , a saturated aqueous aoIuUon. 
Zinc Chloride, ZnCl, (34. N/2). 

Nitrate, Zn(N0,),.6H,0 (74, N/2). 
Sulphate, ZnBO.-TH.O (72, N/2). 
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detection by alkaline stannite... 103 

detection of traces of lOS 

dichromate 103 

estimation of 103 

- - >{lc 



I hjrdraxide, aolublUtj Id 

glycerol 101 

Iodide, stability toward water... 103 
nitMte, precipitation with HOI. 101 

nitrate, reactiona 101 

notes on analyeis of IBS 

oocurrence of 100 

oxidation at 104 

oxides aDd hydroxides of 100 

oxycfaloride, formation of 101 

pentoxide, reaction with halogen 

acida 101 

preparation of lOO 

properties of 100 

reactions of, compart aon with 

Cu and Cd 113 

reduction by grtipe sugar 104 

■alts, reaction with the alkalis.. 101 
separation from Cu by g-lycerol. 101 

solubility of 100 

sulphide, formation of 102 

Hulphide, sepn ration of, from 

Cufl 103 

sulphide, separation of, from tin 

group 103 

Blowpipe, examination of solids.. 374 

Blue vitriol 103 

Bonds, plus and minus 2:)8 

BOKtee, green flame by ignition of 240 

in analysis 54 

reactions of 246 

Borax, bead, formation of 247 

bead, teat for Hn 184 

bead, use of 36.') 

Boric acid 24S-24T 

fstimatioa of 247 

formation of S+5 

occurrence of 245 

preparation of 245 

properties of 24S 

solubility of 246 

Boron 845 

Bromates, detection of 349 

eMimntfon of 350 

ignition of 349 

preparation of 34R 

soUibilifiea of 340 

Bromic acid 348-350 

properties of 348 

reactions of 349 

Bromides, detection of 347 

detection in presence of iodides. 

391, 392 

estimation of 348 

formation of 345 



BiomidM, ignltioK of MI 

Bolnbilltiea of 345 

with first group metate 34< 

Bromine 34»-344 

detection of 314 

estimation of 314 

formation of — 343 

occurrence of 313 

preparation of 313 

properties of 312 

reactions with 313 

solubilities of 313 

Brown ring, test for nitric axAA... 280 

Bructne, reactions with nitric acid 2S1 

Cacodyl oxide, test for acetates... 250 

Cadmium 110-11! 

detection of 112 

estimation at 11! 

hydroxide 110 

notes on analysis of 129 

occurrence of 11* 

properties of 110 

reactions of, comparison with 

Bl and Cu 112 

salts, absorption by gaseous sub- 
stances, separation from Cu. . Ill 

salts, fused with K,S 112 

salts, with alkaline tartrates, 

separation from Cu Ill 

salts, with alkalis tlO 

salts, with ammonia Ill 

salts, with barium carbonate... Ill 
salts, with pyrophosphates, sepa- 
ration from Cn Ill 

salts, reactions with Ha,S,0, , 

separation from Cu lit 

salts, reduction of by metats.... 112 
Knits, reduction of by ignition.. US 

separation of lll> 

separation from Cu by KCHS. . . Ill 
seiuiralion from On by glycerol. 105 
seiinration from On by Nb,S,0, 

and Na,80, Ill 

solubilities of IID 

Caesium !33-23i 

Calcium 210-211 

carbonate in spring water 211 

carbonate, solubility of 21S 

detectinn of 213 

detection of by spectram 213 

estimation of 213 

group 203 

group, directions for analyaia of. 21S 



Caleliun hydroxide, formation aod 

properties 2 

hyilroKidf, formation by ITr,8. . 2 

hydroxide, to detect CO, S 

oxide, formation and properties. 2 

occurrence of 2 

peroxide 2 

preparation of 2 

properties of 2 

BBlts with Na,S 2 

Baits, Beparation of oxalic from 

phoephoric acid by 2 

Beparation from St. and Sr by 

(HHJ.SO 2 

separation from Ba and Br by 

amyl alcohol 2 

■olubilities of S 

sulphate, separation from Htron- 

tium sulphate 2 

sulphate, solubility in ammo- 
nium sulphate 2 

sulphate, to detect strontium... 2 

OHrbon 247-2 

detection ot 2 

preparation of 2 

properties of , . . . Z 

reactions ot 2 

reduction by ignition with 2 

relations of 

solubilities of 2 

dioxide 258-8 

dioxide, absorption by Ca(OB),. Z 
dioxide, detection in sodium car- 
bonate 2 

dioxide, detection by calcium hy- 
droxide 2 

dioxide, dlHtinction from H,8 , 

80, , W,0. , etc 2 

dioxide, formation of 2 

dioxide, occurrence of 2 

dioxide, properties of 3 

monoxide 254,2 

Carbonatea, acid, decompoBition of 2 

decomposition of, by acids S 

detection of 8 

detection of traces 3 

estimation of 2 

ignition of 2 

occurrence of 2 

preparation of 2 

reactions with 2 

Carbonic oxfde, formic anhydride. Z 

Cosaliis' purple 

Csriiun 1 

ChlU saltpeter, < 



Chloric acid 339-341 

formation of 339 

preparation of 339 

properties of 330 

separation of, from nitric acid.. 3U1 

CUorates, detection of 341 

distinction from nitrates 3UZ 

estimation of 341 

formation from chlorine 320 

ignition of 340 

oxidation by ignition of 341 

preparation of 339 

reactions with 339 

solubilities of 339 

Ohloridea, detection of 149 

detection of, in presence of bro- 
mides 335, 336, 391 

detection of, in presence of cy- 
anides or thiocyanates 33S, 392 

formation of 331 

ignition of 334 

Chloride of lime, formation of . . . . 337 
estimation of, by H,0, 287 

Chlorino 327-330 

action on metals 32S 

as an oxidizer 828 

detection of 330 

estimation of 330 

formation of , 3S7 

occurrence of 327 

peroxide, formation and proper- 
ties ■ 338 

properties of , 32T 

Bolubilitlea of 32S 

Cblorochromlc test for chlorides.. 335 
anhydride 149 

Chloroiu acid, tormatiim and de- 
tection 338 

properties of 337 

ChromatM ISO 

in test for HCl 149 . 

reduction of, by hydrochloric 

acid 149 

reduction of by H,B 149 

use in separation of barium.... 207 

with antimonous salts 78 

with Am'" 149 

with ferrous salts 158 

ChromJe acid, detection of ISO 

formation of 149 

Identiflcatiou of 392 

Chcomtnm 147-131 

distinction from aluminum ..... MS 
estimation of ISO 



Cbnimlam hjdroxide, soIubUit; in 

ammonium hydroxide 1 

and manganese in third group 

separation 1 

nctal, solubility of 1 

occurrence of 1 

oxidation of 1 

•oxidea and hydroxides i 

oxide, solubilities of 1 

preparation of 1 

properties of 1 

reduction of 1. 

.salts, solubilities of 1 

salts, reaction of 1 

separation from Al and V» by 

H,0. X 

reparation' from fourth group. . !■ 
acparatlon from Fe by Na,S,0, 

and HbjSO, 1 

Ohromons salts 1 

Cincboulne as a test for bismuth. 1 

Citric acid 851-3. 

detection of oxalic acid In 2 

distinction from tartaric ' 2. 

properties and reactions 2. 

Colloidal sulphides of the fourth 

group 11 

■Color, flame tests 3i 

Colnmbiom, distinction from 11.. 2i 

properties and reactions V 

separation from tantalum It 

Cobalt 163-11 

bead test . . . : If 

cobalticyanlde separation from 

niekei II 

detection of If 

detection of in presence of ETl 

by H,0, It 

estimation of II 

hydroxide It 

metal, solubilities of If 

nitrate, effect of Ignition with.. 3f 

occurrence of If 

oxidation of It 

oxides and hydroxideB If 

phosphate, a distinction from HI It 

preparation of 1( 

rproperlles of It 

reduction of II 

-salts, solubilities of 1( 

salts, with alkalis If 

salts, with barium carbonate... It 
separation from nickel by ether H 
separation from nickel by KNO, IC 



Cobalt, separation from nickel by 

EMnO. 16T 

separation from nickel by ni- 

troso-,9-naphthol I6e. iss 

Colloidal sulphides of fourth group 181 

Color, flame tests 361 

distinction from Tl SOI 

Columblnm, properties and reao- 

tlons of 193 

distinction from Ti 201 

separation from tantalum isx 

Copper 1(M-1 10 

acetosrsenite 108 

analysis of, notes 128 

arsenite lOH 

compounds with cyanogen lOT 

detection of lOS 

detection of, in alloys Sd: 

detection of traces of.-wilh H,8 lOt 

detection of, with HBr^ 108 

electrical conductors 104 

estimation of lOj) 

ferrocyanide, formation of 107 

group, metals of 56. 100 

hydroxide of 104 

occurrence of 101 

oxtdes of IQt 

precipitation of, by iron wire... 109 

preparation of 1D4 

properties of 104 

reactions of, comparison with 

Bi and Cd lit 

reduction by Ignition 109 

reduction of, by EONS 107 

salts, detection by potassium 

xanthate lOT 

salts, reaction with zlnc-platl- 

niim couple 109 

salts, reduction of, with H,PO|. lOT 
salts, separation of, from Cd by 

Ha.P,0, lOT 

salts, solubilities of lOS 

aeparation of, from Bi by gly- 
cerol 101 

separation of. from Cd by gly- 
cerol 105 

separation of, from Cd by 

Na,S,0, and Na,CO, Ill 

separation from Cd by nitroeo- 

^-naphthol lOT 

■eparation from Cd by ammo- 
nium benzoate 10^ 

separation from Fd 106 

traces, loss of llS 

traces of, with KiFs(CH') 107 

" " O" ■ 



CiMua of tartar, formation of . . . . 

CaprunmonlTua salts 

Onprlc hydroxide in NH.OH 

hydroxide, effect of boiling 106 

hydroxide, formation of 106 

hydroxide, with glucose 

hydronde, with tartrates. ..105, 106 

eaJits, reaction with glucose lOS 

salts, reaction with iodides 108 

salts, reaction with Na,S,0, 108 

salts, reduced by 80, 108 

sulphide colloidal 103 

sulphide, formation of 107 

sulphide, separation from Od by 

H.SO, 108 

sulphide, solubility In (NH,),P.. 108 

sulphide, solubility in ECN 108 

sulphide, with K,S 113 

sulphide, with (lIH,),Bi 115 

CaproQB iodide 108 

oxide, formation of. by glucose. lOS 

salts, oxidation of, by As,0, 110 

salts, separation, from Cd by S. 107 
salts, with metallic sulphidea... 107 
sulphide, formation by Na,B,0,. 108 
thiocyanate, formation of 107 

Cyanatea, detection of, in presence 

of cyanides 371 

Cyanic acid 271 

Cyanide of silver, distinction from 

chloride BB.i 

Oyanidea, detection aa thiocyan- 
ate £67 

double, dissociated by acids 2<i4 

double, not diaaociated by acida. 2n.') 

estimation of 267 

guaiacum test 267 

ignitioa of 266 

preparation of 264 

reactions with S64 

simple, with mineral acids 265 

solubility of 264 

transposition by acids 267 

Oyuiogcn propertiea and reac- 

tiona zas 

DangOT and Flandin, detection of 
arsenic 60 

I>acompOBitlon of organic mate- 
rial 362, 36,'i 

Oialyais, separation from organic 

material by 363 

Dldvmluin 194 

I>*«Iienylamlne teat for nitric acid 381 



Diasoclatlon, electrolytic 20 

Dithlonic acid, formation and 

properties 314 

Dragenddrff's reagent lOS 

Electrolytle dissociation 21 

Epaom salts 304 

Equations illustrating oxidation 

and reduction 396 

rule for balancing 239 

Erbium igs 

Kthyl ocetate, odor of SSO 

Zreratt'a salt 154 

Ffttty material, removal of 363 

P*rric acetate, formation of 250 

acetate, separation of from chro- 
mium 154 

tiasic nitrate, aeparetion from 

aluminum isg 

and ferrous compounds, distinc- 
tion 163 

hydroxide, antidote for arsenic. 62 

phosphate, formation of 156 

salts, detection of traces 165 

salts, with acetates 154 

salts, with BaCOi 153 

salts, with HI and iodides 158 

salts, with H,S 157 

aalts, with H,PO, 150 

salts, with K;Fe(CH), 155 

salts, with K.l'a{CN) 155 

salts, with KCNS 155 

salta. with stannous chloride..,. 89 
salts, separation from ferrous 
sulphate 153 

rarric thiocyanata, distinction 

from ferric acetate 154 

hindrance to reactions of 155 

Z'erricyanldes, in distinction be- 
tween Co and Nl t66 

reactiona of 870 

Ferrooyanidea, detection of 26S 

detection and estimation 371 

reactions of 268 

Ferroua Iron, detection of, in 

ferric salts 1S5 

in the third group 161 

in the third group with phos- 
phates I8B 

salts, traces iu ferric salts 155 

Halts, with chromates 158 

salts, with HNO, 159 

salts, with XCN IS4 



VWrroiu Bftlta, with Ki7«(CN) ISS 

BalU, with K.Fe(CN') 154 

HUlphate, with ^Id salts 93 

Tint group metalB, table of. .*. S2 

Flxad alkalis 231 

alkali hydroxides on stibtne . • • ■ 79 

alkalis with salte of tin 84 

Flune, blowpipe, production of. . . 364 

or color tests 373 

oxidizing and reducing 363 

reactions with (topper salts 109 

Fluorides, aolnbilitiea of 299 

nuorlne 28B 

Fluoailleataa, formation of 289 

riuoslllclc acid 247-248 

in detection of potassium 22S 

In separation of Ba , Br and Oft. 207 
Fomuitea, formation from cyan- 
ides sne 

Fourth grtiap, directions for anal- 
ysis 184 

reagents 141 

sulphides colloidal 131 

table of isn 

Freaenitu and Babo, detection of 

arsenic «S 

Fro«hde*s reagent 99 

y nlmtTmHTi g GTOld .*. ..*..' 92 

QAllium (eka-aluminium) 195 

Qfmtm, absorption of by palladium 131 
Germanium, properties and reac- 
tions 136 

sulphide US 

Olaaa, etching bj hydrofluoric 

add 280 

Olauher'a salts 304 

Olnelnum (Beryllium) in.) 

distinction from yttrium 202 

separation from aluminum lOG 

separation from cerium 193 

Olncoa*, in formation of cuprous 

oxide 105 

Hold 91-93 

detection In alloys 367, 368 

detection of 93 

distinction from Fd l:i2 

estimation of 9:1 

fulminating 92 

notes on analysis 123 

occurrence, properties, etc 91 

reduction by ferrous sulphate... 93 

reduction with oxalic acid 93 

Baits with alkalis 92 

aalts with stannous chloride.... B9 



Ch>ld, separation from Ir 133 

OreonockltA 101,110 

aTPBiuiL il3 

Halogsna g 

as oxidizers 330 

compounds, comparatlTe table of 361 
hydracids as reducers 330 

Heat, upon substances la closed 

tubes tfi4, 370 

upon substances la open tubes. 

364, 371 

Hrdriodle add 353-356 

action on antimonic salts 78 

action on arsenic salts 61 

action on ferric salts 153 

as a^edncer 354, 355 

formation of 353 

Hydrobromlo acid 344-049 

detection of Cu with 108 

formation of 345 

occurrence of ?Ab 

preparation of 345 

properties of 343 

reactions of 315 

Hydrochloric aoid 330-336 

action on Sb,8, 77 

action on bismuth nitrate 103 

effect of excess in second group. 113 

formation of 331 

formation from UgCl, 216 

gas on arsenic sulphide 67 

occurrence of 331 

preparation of 3:ii 

properties of 330 

reactions with 332 

solubilities of .''-31 

HTdrocyanlc add 263-267 

formation of S6( 

occurrence of 264 

on PhO, 264 

preparation of 2&4 

properties of ^fv] 

solubilities of 261 

Hydroferricyanle acid .'. 269-271 

HydrofsTrocranlc add 267-869 

separation from bydroferri- 
cyanlc acid 269 

Hydrofiuorlc acid 269 

Hyxtrofiuosllida add (fliiosillcic 

acid) - 889 

Hydrogen 843-2*4 

absorption by Pd sponge 131 

detectiiin of S*4 

estimation of B44 



, formation of 

nascent 

occluded 244 

preparation of 

properties of 

reactlona with 

reducing action of, with Ignition 

eoliibilitiee of 

peroxide, detection of 

peroxide, estimation of S87 

peroxide, estimation of bismuth 

with 104 

peroxide, formation of 28ll 

peroxide, occurrence of 836 

peroxide, on sulphides of arsenic 

and antimony ■ . • 120 

peroxide, preparation, of 281! 

peroxiile, properties of 2S3 

peroxide, reactions with 2SG 

peroxide, reapent to separate Co 

from HI 18.-. 

peroxide, separation from ozone 2n7 
peroxide, separation of Al , Fa 

and Cr with : l".n 

peroxiiie. Holubilities of 2M 

perosidi-, with arsenic 71 

STdronttrlc acid 274-27.-> 

Hydrosulphnrlc acid snB-Ii ) I 

action on copper salts KIT 

action on ferric stilts 1 J7 

disBociation of Ill 

formation of 307 

gas as a reagent ll'i 

in antini.my 67 

re nee of 307 

on aluminum salts 14.i 

on stannic salts xt 

on third and fourth f^roup 

salts 141, Ifil 

preparation of 307 

properties of -. 30'i 

uses us a reagent .10S 

with arsenic acid Ill 

with oxidizing' aj^ente Ill 

Srdrosulphuroua acid :il4 

Sydroz^lamine, formation and 

properticE 27R 

Eyftobromona arid, formation and 

properties 348 

Sypochlorltw, detection of 3B3 

formation of 337 



HjrpocUorltw, formation from 

chlorine 329 

on arsenic 66 

HTpochlorous acid 337 

HypoiodouB acid, existence of.... 351 

HypoBulphitea, detection of 296 

ignition of 296 

Hypoptaoaphltes in formation of 

PH, 296 

HTpopboapborlc acid 298 

HjrpophoaptLorouB add 295-297 

estimation of 297 

formation of 295 

preparation of 296 

properties of 295 

reactions of 296 

solubilities of 296 

with bismuth salts 102 

BTpoBOlpliiirotu acid 314 

Imperial green 108 

Indigo test for nitric acid 281 

Indium 190 

Ink, sympathetic 154 

lodates, detection of 3.''ia 

estimation of 359 

formation of 359 

ignition of -. . . 3S7 

reactions of ;'.38 

Iodic acid 357-359 

formation of '•>'•! 

preparation of 337 

properties of 357 

reactions of 358 

Iodide of nitrogen 351 

Iodides, decxmpnKition by HNO, . 281 

detection as Fdl 131 

detection of ZSt 

estimation of ^56 

formation of 353 

ignition of 330 

occurrence of 353 

reactions of 354 

aeparaliiiii of. from bromides 

and chlorides by XHnO ITS 

BohlbiliticH of 353 

lodin* 350^53 

detection of 358 

estimation of 353 

formation of 351 

liberation by copper salts lOS 

rence of 3S1 

itlmonous salta 78 

itlmooy 6S 



Ii>dliie, on arsenic 

preparation of 

properties of 

reactions of 

separation from Br by Pd 

eoIubilitiCB of 

lonisatloii and solution 20, 

Iridium 133- 

Iron isl- 
and zinc groups 

detection of 182, 

detection of traces in copper... 

detection of traces IS4, 

estimation of 

group 

group, separation from Co, Ni, 

and Hn by ZnO 

hydroxides 

In relation to metals 

oxidation of 

oxides 

preparaJiim of 

properties of 

reduction 

salts, Ipnition of 

salts, solubilities of 

salts, with alkalis 

salts, witli nitroso-;9-naplithol. . 
salts, separation from AI as 

separation from AI and Cr by 

nitruso-|9-naphthol 

separation from Cr and Al 

separation from Ni by xanthate 
solubilities of 

Lftnthannm 

Lead 29-38 

acetate, properties of 32 

chloride 

chloride, precipitation of 

chromate, formation of . .w 

compounds, igrnition of 

detection in alloys 367 

detection of 36 

estimation of 

In the test for Al 

iodide, formation and proper- 
notes on analysis of 

oxidation and reduction 



and oxides, mlabilitiea of in 

preparation of 29 

properties of t» 

red 29 

relation to nitro^n family T 

salts, reactions 32, 35 

salts, sohibilities of 31 

solubilities of metallic 30 

sulphate, formation and proper- 
ties of 34 

sulphide, formation and proper- 

ties of 33 

tests for 54 

Leblenc-soda process 259 

Lithium 234-236 

Lime, slucked 211 

)ne (CaCO,) 2M 

Light, action on silver salts :.0 

ICaifiiesia mi.<£ture Itj 

UaKnesium 214-31 ; 

as a reducing agent 21'' 

detection of 21i) 

hydroNide, formation 214 

occurrence of 2H 

oxalate, separation of. from K 

and Na aii 

oxide, formation of Sit 

preparation of SU 

properties of 2H 

remoTal for detection of sodium. 33t> 

salts, with ammonium salts 21j 

salts, with arsenic acid KI 

salts, with ira,S 31.-. 

salts, solubilities of 314 

HalachltA lOt 

3Ianganatw, Identification 392 

:]f ang&neM 172-177 

detection of, 176, I-^B 

hydroxides of 172 

hydroxides, solubilities of 17'> 

ignition of 176 

in third frroup 161, 163. IS. 

oxidation of 1" 

oxidation to permanganic acid.. 175 

oxi<)es 172 

oxides, solubilities of 173 

preparation and properties 172 

reduction of 177 

reduction by sulphites 175 

salts, reactions with oxalic acid. 174 

suits, solubilities of ITS 



tsMe salts, with alkaUs 174 

lalta, with aulphidea 1>5 

separation from zinc with acetic 

acid 1S4 

Bolubilitiea of 1T3 

with KI 176 

Kfmg&nic acid 172 

Karsh'a teat E2 

HasB aotlon. law of 32,38 

Mayor's reagent 43,333 

Kereurammoniuia compounds ... 39 
Hercurlc chloride with stmiuoiis 

chloride 8S 

sulphide, formation and proper- 

tiea 41 

sulphide, with E,8 115 

:rSercaiy 37-45 

clilorides 42 

compounds, i)fnition of 

delectiou and estimatioD of 

iodides 

mclallic, annlyiiis of 

occurrence of 

preparation and properties of... 

aalts, reactions 39, 43 

.salts, solubilities of 38 

solubilities of 

sulphide, analysis of 

Jf«tals, cliftaification 

grouping 

table of separation 379 

Ketaphoaphorlc acid 209 

Ketastannlc acid 83 

Ellcracosnilc salt 230 

uae in ig'nition -,,-,,,.-.--.-... 36A 

Milk of lime 211 

Molybdates in analjais 54 

with phosphatea 98 

MolybdeoiltA 07 

Kolybdeiiiun 67-09 

deportment in second group 99 

detection of 99, 122 

estimation of 99 

Ignition tests 99 

notes on analysis of 123 

occurrence of 97 

oxides and hydroxides 97 

preparation and properties 97 

reduction tests 09 

solubilities of 97 

Jlolybdlo acid 97 

JTaacent hydrot;en on nitric acid.. 278 



Neodyminm i 194,197 

Neaalar's reagent 43, 231 

Nickrf 168-172 

detection of ITi 

detection of, in presence of Co 

bjKJ 1«.-, 

distinction from cobalt 17'> 

estimation of IT' 

hydro.xides ir'> 

hydroxides with EI ITI 

ignition of 171 

occurrence of IB1> 

oxidation of 171 

oxides Ifift 

properties and preparation lljR 

reduction 173 

salts Hilh alkalis 1C!> 

separation from Co , cyanide 

methi)d lore 

separiition from Co , by nitroso- 

3-naphthcil 163 

separation from Co, by KNO,.. 169 
separation from Co , by sulphide 170 
separation from Co , by xan- 

thate I7(» 

solubilities of 160 

solubility of ms in ammonium 

sulphide 17i> 

xantbate. separation from Fft. . 170 

Niobium (Coluiubium) 193-194 

Nitrates, decomposition by igni- 
tion 380 

distinction from chlorates 392 

occurrence of 277 

preparation of 277 

proof of absence 390 

solubilities of 278 

Nitric acid 277-282 

as an oxidizer 378 

brown rinfi: teat 281 

decomposition of, by HCl 279 

detection of 3S0 

detection by diphenylamine 281 

detection by reduction to NH,. 

378, Efll 
detection by reduction to nitrite. 2SI 

dissociation, by heat 27!" 

estimation of 282 

formation of 277 

indigo test 2fll 

in separation of Sn. , Sb and As. 1l!> 

sodium Kalieylate test E91 

with plienol £81 

with p.vrogallol 282 



Hltrl; acid, occurrence of 377 

on itDtimony 60 

on arsenic 66 

preparalion of 277 

pro<liiL'l3 o( reduction 278 

properties of 277 

Nitric anhydride, formation of 378 

oxide 101, 375, 215 

IfitrltM, decomposition by igni- 
tion 270 

detection of 27B 

tc^t frr nitric acid 281 

Xfitrcferrlcfanidea 270 

Nltrogea 273-374 

chloride . . .'. 63. 120. 337 

combination with elements 274 

detection end estimation 274 

family 7 

formation, occurrence 274 

peroxide 277 

properties 27'1 

iritro80-/(-iiaph.thol, separation of 

Co and Nl lOB, 1S5 

separation of Cu from Cd 107 

with iron kuKk 154 

ITltropTUBstdss 270 

nitrous acid 276-277 

as an oxidizer 270 

na a reducer 276 

formation of 276 

occiirppiioe ci( 276 

IH'i-iierliea of 270 

readiiins with 2TC, 

solnhilities of 276 

IToble iiiclals, enumeration 7 

IfordlianEen svilphiiric iicid ^23 

Ifotea on dctei'tiiiti of nciil» :'.S'J 

o;i ijiinlyHis of paleinm BTonp.21K, 219 
on nnalysls of third Rroup 161 

Crder of laboratory Btndy 2t 

OrgEtnic siibstanceH. removal of,. 

;iG2. 36:i 

Osmium 1:11 

Osmotic pressnre 21 

OzeJatec, dfcoin|)ORition by ifnii- 

t[oii of 390 

decomposition by oxidation 390 

detection of 258 

distinction from tartrates.. 253, 3R9 

estimation of 238 

ipiiition of ,.. 258 

in.'d, 4th and 5th frroups 189 



Ox&Uc acid 2S5-B58 

as a reducer i36 

decomposition of by H,8D, 2S7 

formation of 2Si 

in separation of gold 92 

occurrence of 25S 

preparation and properties of... 2S3 

solubility of 356 

Oxidation, balancing equations in. 238 

Oxidising flame 363 

Oxygen 2S2-2S4 

as a poison 281 

combinations with ignition SS4 

detection of 284 

estimation of 284 

formation of 283 

occurrence of 2ffl 

preparation of 283 

reactions with 284 

Ozone 884 

paration from H,0, tSJ 

Palladium 131-132 

distinction from gold and plati- 
num 131, 132 

Reparntion from copper ICW 

sponge 131 

Falladoua iodid^ in analysis 131 

Paris Riven 62, lOS 

Fentathlonlc acid, formation and 

Ferchlorates, preparation and 

341. 343 

Ferchromic acid '. 151 

Periodic mid 360 

vstcm, table of S 

'manganatea, identific.ition 392 

Permanganic acid !7S 

PerEuIphuric acid 326 

Phenol reliction for nitric acid 2S1 

Pbenylhydraztne, on aluminum 

salts 144 

FhoEgena, formation 254 

Phosphates, changes by ignition. 30.1 

detection 163, 303, 390 

distinction between primary, 
secondary and tertiary 301 

in presence of third and fourth 
group metals. 142, 188, 189, 191. IM 
899 

date is8, sot 

separation as ferric phosphate, > 188 
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PhospliatM, BolnbUltiea of 300 

PhoapIildM, formation of 303 

Pboaphlns S95 

Fbosphorlc acid 398-304 

preparation of 300 

properties of 2B8 

Phosphoric aohydride, formation 

of 299 

Pboaphorona acid 20T-S98 

detection of ZOH 

preparation and properties of... 29T 

Phoaphoma 293-205 

detection and eetimation of 295 

in combination with the halo- 

^ne 294 

occurrence and preparation of. . 29:1 

properties of 292. 294 

use in match-making 293 

Phosphotimsatates 1:15 

Picric acid, in detection of potas- 
sium 224 

Plaster of Paris (calcium sul- 
phate) 213 

Platinized asbestoij 94 

Flatlaam 93-9T 

apparatus, care of 95 

black 93 

chloride, as a reagent 95 

detection of 96,122,367 

distinction from palladium. .131, 133 

estimation of 86 

iridiiitn alloys, properties 132 

notes on the analysis of 12.1 

occurrence of 94 

preparation and properties 93, 94 

reduction of 95, 90 

Bpong« 9:i 

Polarity 3 

PotftMium 222-22fi 

as a reducing ag'ent 336 

bichromate, in test for stron- 
tium and calcium 219 

carbonate, as a rea^nt 223 

chlorate, in preparation of oxy- 
gen 883 

chloride with platinum chloride. 95 

cyanide with copper salts 107 

cyanide with ferrous salts 154 

detection of 223, 22(1 

estimation of 226 

ferrlcyanide, formation of 269 

ferrocyanide, formation of . .265, 267 

hydroxide, ae a reagent 223 

lodhte, in separation of alkaline 
earths 207 



Pobuiliun Iodide, bb a reagent. ... 88 
iodide, in separation of AgOl 

from SbCl la 

iodide, in the test for nickel.... IS 

iodide, on nickelic hydroxide 17 

iodide, on permHoganates 17 

nitrite in separation of cobalt 

from nickel 16 

occurrence, preparation and 

properties of 22 

picrate 22 

pyroantimonate 73, 22 

BHlts, flame test 22 

thiocyanate with copper salts... 10 

thiocyanate with iron salts 15 

xanthate, for detection of copper 10 

Powder of nlgaroth 7 

PraseodTmlum 194, 19' 

Precipitates, formation and re- 
moval of 17, 1; 

Prlnclplea 39 

pToblems in molecular propor- 

in ByntLesis 39' 

Pruaslan-blue, formation of. .155, 26i 

Purple of Cassius 89,9: 

PyToantimonic acid 7; 

Pyrogallol, as a lest for nitric 

acid 2B: 

Pyrophosphoric acid, formation.. 29! 
Pyroaulphuric acid, formation ... 32! 

Beagents, care in the addition of. 1' 
list of 401 

Keduclng tlnme. description of... 36! 

Reduction, balancing equations in 23i 
with charcoal ;i64, 365. 37: 

Belnsch's lest for arsenic 6' 

Rhodium, distinction from ruthe- 
nium 13: 

properties and reactions 131 

Bochelle Raits, composition of.... 25! 

BoBolic acid as a test for carbon, 
dioxide 26i 

Rubidium, properties and reac- 

Rula for lialDDcing equations 231 

Ruthenium, properties and reac- 
tions 12J 

Saltpoter, occurrence 371 

Samarium, properties and reac- 
tions 181 

SoaBdlum, properties and reac- 

tioae m 

- "" " " O" 



Sohwla'B green and Schweinfurt's 

green 62, 1 

fialttnlc acid, separation from buI- 

phurio acid 1 

Belanium, properties and reac- 
tions 138, 1 

Silica (silicon dioxide) 2 

detection and estimation of 2 

in the t>orBX bead 2 

in the third group 1 

remova] ol 3 

solubilities ol 2 

Bllioatas, decomposition by igni- 
tion 2 

Silicic acid 290-2 

SUicoii 2 

distinction from tantalum 1 

Silico- fluoride (finosilicate) 2 

Silicon fluoride, formation 388, 2 

preparation and properties 2 

separation from thorium 2 

Silver 45- 

arsenate and arsenite, formation 

bromate, properties of 3 

chloride, formation and proper- 

cyanate in distinction from chlo- 
rides 2 

detectiojt of 50, 3 

estimation of 

In presence of mercury salts.... 

iodate, properties of 3 

mirror, formation by tartrates. 2 

nitrate, action on stibine 

nitrate with stannous and anti- 

s salts 78, 79, 

e and properties of. . . . 

salts, action of light upon 

solubilities of 

thiocyanate, separation from 

silver chloride 2 

Soda lime on stibine 

process, Le Blanc's 2 

process. Solvay's 2 

Sodium .226-2 

amalgam, action with arsenic... 

as a reducing agent 2 

detection of 73, 2 

estimntion of 2 

flame test S 

hydroxide, formation of 2 

nitroferri cyanide os reagent. 230, 3 

occurrence of 3 

. phoaphate as reagent 2 



Sodltun phoaphomoljbdate aa re- 
agent 9S, 23S 

preparation and properties of.. . 

22S. SS7 

pyroantimonate 73, 80 

pyrophosphate with copper and 

cadmium 107 

salicylate test (or nitric acid... 3S1 

sulphide, preparation of 30B 

thiosulphate on cupric salts..,. 108 
thiosulphate with antimony salts 78 
thiosulphate with third group 

. metals 145 

Solids, conversion into liquids.... 3M 
decomposition upon ignition. 370, 371 
effect on ignition with cobalt 

nitrate 372 

preliminary esamination of 3G3 

separation of 17 

table far preliminary examina- 
tion 370 

Solubility, degrees of 15, 16 

Solubility-product 23 

Solutions, conversion into solids. . 367 

Solution and ionization 20-34 

Solvay soda process 260 

Sonnenscheln's reagent 98 

Stannic suits, solubilities 84 

sulphide, formation and proper- 
ties of 8« 

Btanuite, alkali, as a test for bis- 
muth 103 

Stannous chloride on mercury salts 43 

chloride as a reducing agent 8S 

chloride with gold salts 9:i 

chloride with moiybdic acid 99 

salts, distinction from stannic 

salts 123 

salts, solubilities 84 

salts with silver nitrate 87 

salts with sulphurous acid...... 8S 

sulphide, formation and proper- 
ties 85 

Stlblna, decomposition by soda 

lime 79 

formation of 7» 

reaction with fixed alkali hy- 
droxides 79 

reaction with silver nitrate 7S 

separation from arsine 6S 

Strontium Z08-E10 

detection of 210,813 

estimation of SIO 

hydroxide, formation A 20^ 



SlnuiUiun, prepamtfon and prop- 
erties of 208 

Bolpliate, distinction from OaSO. 209 
Bolphate, separation from BaSO. 209 

•ulphatas, detection tuid estima- 
tion of 326 

ignition of 323 

preparation of 32S 

reduction bj i^itiou iritli carbon 249 
solobilitieB of 323 

■ulpMtos, detection of 321 

diatinction from sulphates 331 

eatimatjon of 331 

tuition of 321 

interference in test for oxalates. 390 

preparation of 318 

separation from sulpliates by Ba 

salts 207 

solubilities of 310 

Snlphldes, detection and estima- 
tion of 311 

formation of 307 

ignition of 310 

reactions of 309, 310 

solubilities of 28, 30ld 

Onlphur 304-306 

combinations on i^ition of 306 

detection and estimatlDn of 30r> 

formation of 304 

in the tin group ,■ ' IIS 

occurrence of 304 

oicidatlon by reagents 305, 306 

oxides 3W 

precipitation of 53, lU, 115 

preparation and properties of. . . 

304, 305 
reaotlons In forming sulphides. . 306 

relations of 9 

separatiog copper from cadjnium lOT 
solubilities of 30S 

Bnlplinrlc acid 321-336 

detection in presence of sul- 
phates ." 326 

formation and occurrence of ■'522 

properties of 321 

reactions with :i2:i, :124, 335 

separation from 8e 130 

separation from Fe 137 

anhj'ilricle. preparation of 322 

BtUphnrous acid .318-321 

on arsenic add 60 

and BUlpliites as reducers 330 

preparation and properties of.. 318 
formation of 318 



'Salpbnmu add, redaction of 

cupric salts lOS 

solubilities of Sl» 

on stannous salts S6 

Bynthomla, problems In 397 

Tablo for acids as precipitated by 

Iiarlnni end calcium chlorides. 386 
for acids precipitated by silTer 

nitrate 387 

ir acids, preliminary 378 

ir analysis in presence of phos- 
phates by the use of alkali ace- 
tates and ferric chloride 191 

ir analysis in presence of phos- 
phates by use of ferric chloride 

and barium carbonate 192 

ir analysis of the Silver Group 

(first) 53 

r analysis of the Copper Group 

(second) 134 

lalysis of the Tin Group 
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analysis of the Iron Group 

(third) 1 

ir analysis of the Zinc Group 

(fourth) 1 

T analysis of the Calcium 

Group (fifth) 2 

of grouping of the metala 3 

of separations of the nietals. 3 

of separation of the ammonium 
sulphide precipitates of the 

iron and Zinc Groups i 

of solubilities 3' 

Tannic acid with iron salts 1 

Tantalum, distinction from silica, i' 

distinction from titanium 1 

properties and reactions of 1' 

Reparation from columbiura 1 

Tartar cmptlp. composition of 2 

Tartaric odd 252-3 

in detection of potaKSittm 2 

distinction from citric acid 2 

formation and properties S 

lartrato calcium, deportment with 

water 2 

detection of ' 

distinction from citrates 

distinction from oxalates 353 

Tartrates, iffoition 

reactions 

Rolubiliiieg 

Tellurium 
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Ttllnrlnm, distinction from Mle- 

nium 138, 140 

properties and reactions of 

deparatfon from Bulphuric acid. . 13T 

Tanorlt* 104 

Terbinm 198-199 

Tatrathlonic acid, formation and 

properties 315 

Tliallloua iodide 199 

Thalllnm, properties and reac- 
tions 199 

Thtoaeetata ia formation of sul- 
phides 307 

Thlooyanataa, reactions with 273 

Thlocyanlc add as a reducer 273 

properties of 272 

Thlonio acids, table of compari- 

ThioauIphatM, detection of 31't 

distinction from sulphates and 

sulphites 314 

efltlmation of 314 

ignition of 311 

forniatiou and properties of. . . . 312 

ThioBulpharlc acid 312-314 

Third group reagents 141 

Thorium 199-200 

Tin 82-R9 

creaking of 82 

detection of S8, 133. 3fi7 

esilmntion of HS 

Group, metals of 5fi 

Group, Reparation from Copper 

Group, sulphides with (irH,),Si 115 

\ oeourrenoeof S2 

i oxidntliin of «S 

oxideB and hydroxides S2 

preparation and properties of . .. N2 

notes on the nnnlynis of ia:i 

relation to Xitropen Family 7 

.reduction by ignition 87 

''.' ealts with the alkalis 84 

salts with hydroNulphuiic acid.. 85 

separation from antimony 81 

separation from antimony sul- 
phides 131 

separation from arsenic IIS 

solubilities of 83 

sulphides, colloidal lis 



Tin with antJmonj and with arwnie BT 

Titanlom 200^1 

distinction from columblum 301 

distinction from tantalum 19S 

properties and reactions of 300 

separation from thorium SOO 

TritMonlc acid, formation and 
properties 31S 

Tnngvtan, properties and reto- 
tions 134 

Tumball'a blue US 

Unit of quantity tt 

Vraniam, properties and reactions iOl 
Ursa, from ammonium cyanate... 271 

Valence, negative 3 

Vanadium 13S-136 

Volatile' alkali (ammonium hy- 
droxide) 281 

Water, action on bismuth salts... 101 

tion on antimonous salts Ti 

Welsbach burners SOS 

Wolframium (tungsten) 131 

WulfOTite 97 

Ytterbium properties and reac- 
tions 201 

Yttrium »; 

Zinoates, formation of ITS 

Zinc 17S-1S1 

detection and estimation of ISO 

Family i 

granulated 63, ITS 

Group, table for analysis 183 

Group, comparative reaoU^AB,.. 183 

hydroxide and oxide 17S 

ignition of 180 

occurrence of 17* 

oxidation of 181 

platiniited ...i 178, M) 

preparation and prot'^rties 17S 

reduction of 181 

salts, solubilities and reactions 

of 1T» 

sulphide, formation in presence 

of acetic add 179 
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